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j\ VERY work that tends to enlarge 
EH the boundaries of fcience, has a. 
peculiar claim to the proteGtion of Kings, 
He that diffufes {cience, civilizes man, 
opens the inlets to his happinefs, and 
co-operates with the Fountain and Source 


vi Dito). COA TUE eee 
of all knowledge. By {cience truth is 


advanced; and of Divine Trutu Kings 


are the reprefentatives. 


The work which I have now the honour 
to prefent to YOUR MAJESTY, calls the 


attention of the. tauden to thofe rie! of 


Divine order by which the univerfe is 


governed and fupported : in it we find. 


C 


that the minuteft beings {hare § in the” pro- 
teGtion, and triumphiin the-bounty of, the 
Sovereign of all things: :that the infinitely 
fmall manifeft.to the aftonifhed eye the 
fame proportion, regularity, bid defign, 
which are; conf{picuous to the © unaflifted 
fight in the larger parts of creation. By 

finding 


ny 


GEPOTAR TE 6 iy 


finding all’ thingsOformed ‘in beauty, ahd 
produced for ule) the cnitind® is railed rd’ 
the fleeting and evanefcent appearances of 
matter to contemplate the permanent prin- 
ciples of truth, and acknowledge that the 
whole ee ston oe wifdom. that 


a 


originates in- ‘love. 


It was by YOUR MAJESTY’s goodnefs 
and gracious pationagé tliat I was firft indu- 
ced to undertake a defcription of mathema- 
tical and philofophical inftruments, that I 
might thereby facilitate the attainment of 
thofe fciences that are conneéted with them, 
and by fhewing what was already obtained, 
excite emulation, and quicken invention. 
It 


ath PEDICATION 


It is to the fame goodnefs that I] am 
indebted for this opportunity of fub{cribing 
mylelf, 


Sob ie 
YOUR MAJESTY’s _ 
Mott humble, 
von sheabidne 
and moft dutiful 
-- Subje@ and Servant, 


GEORGE ADAMS. 
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N the preface to my Essays on ELectTRiciry AND 
Macnetism, I informed the public that it was my 


qntention to publifh, from time to time,, eflays defcribing the con- 


{truGtion and explaining the ufe of mathematical and philofophi- 
cal inftruments, in their prefent ftate of improvement. This 
work will, I hope, be confidered as a performance of my promile, 


fo far as relates to the fubjeé here treated of. 


The firft chapter contains a fhort hiftory of the invention, and 
improvements that have been made on the microfcepe, and 
Father Torré’s method of making his celebrated glafs globules. 
The fecond treats of vifion, in which I have endeavoured to ex- 
plain, ina familiar manner, the reafon of thofe advantages which 
are obtained by the ufe of magnifying lenfes: but as the reader 1s 


fuppofed to be unacquainted with the elements of this {cience, fo 


many intermediate ideas have been neceflarily omitted, as mutt 
in fome degree leffen the force, and weaken the perception of the 


truths intended to be inculcated: to have given thefe would have 


required a treatife on optics. 
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In the third chapter, the moft improved microfcopes, and fome 
others which are in general ufe, are particularly defcribed; no 
pains have heen {pared to leffen the difficulty of obfervation, and 
remove ob{curity from defcription; the relative advantages of 
each inftrument are briefly pointed out, to enable the reader to 
feleét that which is beft adapted to his purfuits. The method of 
preparing different objeéts for obfervation, and the cautions 
neceflary to be obferved in the ufe of the microfcope, are the 
fubjeét of the fourth chapter. 


When I firft undertook the prefent effays, I had confined my- 
felf to a re-publication of my father’s work, entitled, Microgra-~ 
phia Illuftrata; but I foon found that both his and Mr. Baker’s. 
traéts on the microfcope were very imperfect. Natural hiftory 
had not been fo much cultivated at the period when they wrote, 
as it is in the prefent day. To the want of that information 
which is now eafily obtained, we may, with propriety, impute 
their errors and imperfeétions. I have endeavoured: to remedy 
their defects, by arranging the fubjetts in fyftematic erder, and: 
by introducing the microfcopic reader to the fyftem of Linnzus, 
as far as relates to infe€is: by. this he will learn to difcriminate 
one infect from another, to characterize their differeat parts, and 
thus be better enabled to convey inftruétion to others, and to: 
avoid error himfelf. | 


As the transformations which infeéts undergo, conftitute a prin- 
cipal branch of their hiftory, and furnifh many objeéts for 
the microfcope, I have given a very. ample defcription of them ; 
the more fo, as many microfcopic writers, by not confidering 


thefe changes. with attention, have falleninto.a variety of miftakes. 
Here 
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Here I intended to ftop ; but the charms of natural hiftory are fe 
feducing, that I was led on to: defcribe the peculiar and 
ftriking marks in the ceconomy of thefe little creatures, And 
fhould the purchafer of thefe efiays receive as much pleafure in 
reading this part as I did in compiling it; fhould it induce him 
to ftudy this branch of nature ; nay, fhould it only lead him to 
read the ftupendous work of the moft excellent Swammerdam, 
he will have no reafon to regret his purchafe, and one of my 
warmeit wifhes in compiling it will be gratified. 


In the next chapter I have endeavoured to give the reader fome 
idea of Mr. Lyonet’s “ anatomical and microfcopical defcription 
of the coflus, or caterpillar of the willow.” As this book is but 
little known in our country, I thought that a fpecimen of the in- 
defatigable labour of this patient and humane anatomift would be 
acceptable to all lovers of the microfcope; and I have, therefore, © 
appropriated a plate, which, while it fhews what may be effected. 
when microfcopic obfervation is accompanied by patience and 
induftry, difplays alfo the wonderful organization of this infect. 
This is followed by a defcription of many mifcellaneous objects ; 
objetts, of which.no idea could be formed without the afliflance 
of glafles. , 


To defcribe the frefh-water polype, or hydra; to give a fhort 
hiftory of the difcovery of thefe curious animals, and {ome ac- 
count of their fingular properties, is the bufinels of the fucceed- 
ing chapter. The properties of thefe animals are fo extraordinary, 
that they were confidered at firft to be as contrary to the common 
courfe of mature, as they really were to the received opinions of 


animal life. Indeed, who can even now contemplate, without 
b 2 aftonifh- 
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aftonifhment, animals that multiply by flips and fhoots like a 
plant, that may be grafted together as one tree to another, that 
may be turned infide out like a glove, and yet live, aét, and per- 
form all the various functions of their little fpheres. As nearly 
allied to:thefe, the chapter finifhes with an account of, thofe vor- 
ticellee which have been enumerated by Linnzus. It has been my 
endeavour to diflipate confufion, by the introduftion of order, to 
difpofe into method, and: {fele€t under proper heads the fubftance 
of all that is known relative to thefe little creatures, and in the 
compafs of a few pages to give the reader the information that is. 


difperfed through volumes. 


From the hydre and vorticellz it was natural to proceed to the 
animalcula which are to be found in vegetable infufions. 
Miucrofcopic beings, that feem as it were to border on the infinitely 


fmall, that leave no fpace deftitute of inhabitants, and are of 


greater importance in the immentfe {cale of beings than our con- 


tracted imagination can conceive, yet {mall as they are, each of 


them poHeffes all that beauty and proportion of organized.texture 
which is neceffary to it’s well being, and fuited to the happinels it 
is called- forth to enjoy. I have pointed out the decided 
characters which fix them in the {cale of animal life, charaéters 


that it 1s. prefumed are a full confutation of the fanciful theories of 


Needham and Buffon.. A fhort account of three hundred and. 
feventy-nine of thefe minute beings is then given, agreeable to the: 
fyftem of the laborious Muiler,* enlarging confiderably his def- 
eription of thofe animalcula that are moft eafily met with, better 


known, and. confequently. more interefling to the generality of 


readers.. 


The: 


*: Muller, Animalcula, Infuforia. 
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The conftru@ion of timber, and the difpofition of it’s com- 
ponent parts, as feen by the microfcope, is the fubjegi of the next 
chapter; a fubject confefledly obfcure. With what degree of 
fuccefs this attempt has been ‘profecuted, mult be left«to the 
judgment of the reader. ‘The befttreatife on this part of vegeta: 
tion is that of Mr. Duhamel du Monceaus “ fur la Phyfique des 
Arbres.” © If either my time, or fituation in life, would have per- 
mitted it,’ I fhould have followed 'his' plan; but being confinedito 
bufinefs; and t6: London, IT can only* recommend it) 'to ithofe 
lovers of the works of the Almighty, who live in the country, to 
purfue this important branch of natural hiftory. There is no 
doubt but that new views of the operations in nature, and of the 
wifdom with which all things are centrived, would amply repay 
the labour of inveftigation. Every part of the vegetable king- 
dom is rich in microfcopic beauties, from the ftatelieft tree of the 
foreft, from the cedar of Lebanon, to the lowlieft mofs, and the 
hyffop that {pringeth out of the wall, all confpiring to fay how 
much is hid from the natural fight of man, how little can be 
known till it receives affiftance, and is benefited by adventitious 


aid. 


From the wonderful organization of animals, and the curious 
texture of vegetables, we proceed to the mineral kingdom, and 
take a curfory view of the configuration of falts and faline fub- 
flances, exhibiting a few f{pecimens of the beautiful order in 
which they arrange themfelves under the eye, after having been 
feparated by diffolution: every fpecies working as it were upon 


a different plan, and producing cubes, pyramids, hexagons, or 
{ome: 
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fome other figure peculiar to. itfelf, with a conftant negtilarity 
amid{t boundlels variety. 


Though all nature teems with objects for the microfcopie ob- 
ferver, yet fuch is the indolence of the human mind, or fuch it’s 
inattention to what is obvious, that among the purchafers of mi- 
crofcopes many have complained that they knew not what fub- 
jeéts to apply to their inftrument, or where to find) objetts for 
examination. To obviate this complaint, a’ catalogue is here 
given, which is interfperfed with the defcription of a few infects, 
and other objets, which could not be conveniently introduced in 
the foregoing chapters. By this catalogue it is hoped that the 
ufe of the microfcope will be ontenged and the path of obferva- 
tion facilitated. 


To avoid the faftidious parade of quotation, and the charge of 
plagiarifm, I have fubjoined to this preface a lift of the authors 
I have confulted. As my extracts were made at very dillant 
periods, it would have been impoflible for me to remember to 
whom I was indebted for every new fact, or ingenious obferva- 
tion. It may, however, be neceflary to inform the reader, that 
Mr. Marfham gave me the Linnzan names for the infects which 
are defcribed in this work. 


The plates were drawn and engraved with a view to be folded 
up with the work ; but as it is the opinion of many of my friends 
that they would, by this means, be materially injured, I have 
been advifed to have them ftitched in {trong blue paper, and leave 
it to the purchafer to difpofe of them to his own mind. 
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wis An Introduction to Aftronomy. 
On the Ufe of the Globes, in which the various Conftruétions at prefent 
made Ufe of, will be defcribed and explained. 


Ill. The Defcription and Ufe of the Armillary Sphere, Dr. Long's Sphere, the 
Orrery, the Tellurian and other Inftruments, defigned to facilitate the Study 


of Aftronomy and Geography. 
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I, A fele& Set of Geometrical Problems; amongft thefe ‘are fome very curious: 
ones for dividing Lines and Circles with Accuracy. 


Ir A Defcription of thofe Mathematical Inftruments which are ufually put into a: 
Cafe of Drawing Inftruments, and:many other new ones for Geometrical: 
Purpofes, 


IH. A Defcription of the Inftruments ufed in furveying and levelling of Land. 
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An ESSAY on VISION. 
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every Perfon may judge when the Ufe of them will be beneficial,, 
-and how to chufe them without injuring the Sight... 
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iad Concife Hiftory of, the Tivention and Improvements which | 
cy been made upon the Inftrument called a Microfcopes 
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Of Vifion, of the Optical Effect of Microfcopes, and oe the 
Manner of eftimating their-magnifying Powers, p. 28. 


Adams’s Lucernal Microfcope,, p. 65. 


Cuff’s double-confiructed ditto, p. 89. 
Culpeperss Microfcope, p. 89. 
Solar Microfcope for opake Objects, p. 92. 


Common Solar Microfcope, p- 99. 


Wilfon’s Microfcope, p. 103. Ellis’s ditto, p. 110: 
Lyonet's, Microfeope, \p. 114. Withering’s ditto, p. 115. 
Botanical Magnifiers, p. 117. Telefcopic Microfcope, p. 118. 
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A Defeription of the moft improved Microfcopes, and the 
Method of ufing them, p. 65. 


Ge. EL IV. 


General Inftru@ions for ufing the Microfcope, and preparing the 
Objects, p. 126. 


CG Geiss Aci ie: V. 
OF Infects in general, p. 167. 
Of the Transformation of Infetts, p. 189. 
Of the Refpiration of Infeéts, p. 240. 
Of the Generation of Infects, p. 249. 
Of the Food of Infeéts, p. 272. 
Of the Habitation of Infetis, p. 279. 


ChvblsswAs eae. VI. 


Giving fome Account of the Anatomical Stru€ture of the Coflus, 
or Caterpillar, which is found in the Trunk of the Willow; 
and feveral other mifcellaneous Objects, p. 329. 


| 1 OE «Ai Pat) COL. 
The Natural Hiftory of the Hydra, or Frefh-water Polype, p. 993. 
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Of the Animalcula Infuforia, p. 454. 
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On the Organization or Conftruction of Timber, as viewed by 
| the Microfcope, p. 652. 
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Of the Cryftallization of Salts, as feen by the Microfcope3 
together with a concife Lift of Objeéts, p. 680. 
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A Concise History of THE INVENTION AND IMPROVE- 
MENTS - WHICH HAVE BEEN MADE UPON THE INSTRUMENT 
CALLED A MICROSCOPE. 


T is generally fuppofed, that microfcopes were ivented 
about the year 1680, a period fruitful in difcoveries, a time 
when the mind began to emancipate itfelf from thole errors and 
prejudices by which it had been too long enflaved, to affert it’s 
rights, extend it’s powers, and follow the paths which lead to 
truth. The honor of the invention is claimed by the Italians 
and the Dutch; the name of the inventor, however, is loft; 
probably the difcovery did not at-firt. appear fufficiently im- 
portant, to engage the attention of thofe men, who, by their 
reputation in feience, were able to eftablifh an opinion of its 
| A y Ment 


2 MICROSCOPICAL ESSAYS. 


merit with the reft of the world, and hand down the name of 
the inventor to fucceeding ages. Men of gfeat literary abilities 
are too apt to defpife the firlt dawnings of invention, not con- 
fidering that all real knowledge is progreflive, and that what 
they deem trifling may be the firft and neceflary link to a new 
branch of {cience. 


The microfcope extends the boundaties of the Organs of 
vifion, enables us to examine the ftructure of plants and animals; 
prefents to the eye myriads of beings, of whofe exiftence we 
had before formed no idea; opens to the curious an exhauftlefs 
fource of information and pleafure ; and furnifhes the philofopher 
with an unlimited field of inveftigation. It leads, to ufe the 
words of an ingenious writer, to the difcovery of a thoufand 
wonders in the works of his hand, who created ourfelves, as well 
as the objects of our admiration; it improves the faculties, exalts 
the comprehenfion, and multiplies the inlets to happinefs ; is a 
new fource of praife to him, to whom all we pay 1s nothing of 
what we owe; and while it pleafes the imagination with the un- 
bounded treafures it offers to the view, it tends to make the 
whole life one continued a of admiration. 


It is not difficult to fix the period when the microfcope firft 
began to be generally known, and was ufed for the purpofe of 
examining minute objeéts; for though we are ignorant of the 
name of the firft inventor, we are acquainted with the names of 
thofe who introduced it into public view, and engagéd their 
attention to it, by exhibiting fome of it’s wonderful effe@s. 
Zacharias Janfens and his fon had made microfcopes before the 
year 1610, for in that year the ingenious Cornelius Drebell 
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byaiehe one, which was made by them, with him into England, 
and fhewed it to William Borrell and others, It i 1s poffible this 
inflrament of Drebell's was not ftrictly what is now meant by a 
‘ microfcope, but was rather a kind of microf{cepic telefcope, 
fomething fimilar in principle to that lately defcribed by Mr, 
Aepinus, in a letter to the Academy of Sciences at Peterfburg. 
It was formed of a copper tube fix: feet | ong and one inch 
diameter, fupported by three brafs pillars in the fhape of dol- 
phins ;-thefe were fixed to a bafe of ebony, on which the objeéts 
to be viewed by the -microfcope were alfo placed. In contra- 
diGtion to this, Fontana, in a work which he publifhed in 1646, 
fays, that he had made microfcopes in the year 1618: this may 
be alfo very true, without derogating from the merit of the Jan- 
fens, for we have many inftances in our own times of more.than 
one perfon having executed the fame contrivance, nearly at the 
fame time, without any communication from one to the other, 
In 1685, Stelluti publifhed a defcription of the parts of a bee, 
which he: had examined with a microfcope. 


If we confider the microfcope as an inflrument confifting of 
one lens only, it is not at all improbable, that it was known to the 
ancients much fooner than the laft century, nay, even in a degree 
to the Greeks and Romans: for it is certain, that {pectacles were 
in ufe long before the above-mentioned period: now as the 
glafles, of thefe were made of different convexities, and confe- 
quently of different magnifying powers, it is natural to fuppofe, 
that fmaller and more convex lenfes were made, and applied to 
the examination. of minute objetts. In this fenfe, there is alfo 
fome ground -for thinking the ancients were not ignorant of the 
ufe of lenfes, or at leaft of what approached nearly to, and might 
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in fome inftances be fubftituted for them. ‘The two principal rea- 
fons which fupport this opinion are, firft, the minutenefs of fome 
ancient pieces of workmanfhip, which are to be met with in the 
cabinets of the curious: the parts of fome of thefe are fo fmall, 
that it does not appear at prefent how they could have been ex- 
ecuted without the ufe of magnifying glaffes, or of what ule they 
could have been when executed, unlefs they were in pofleffion of 
glafles to examine them with. A remarkable piece of this kind, 
a {eal with very minute work, and which to the naked eye appears 
very confufed and indiflin&, but beautiful when examined with a 
proper lens, is defcribed “ Dans VHiftoire de ’Academie des 
In{criptions,” tom. 1. p. 333. The fecond argument is: founded 
on a great variety of paflages, that are to be feen im the works of 
Jamblichus, Pliny, Plutarch, Seneca, Agellius, Pifidias, &c.. From 
thefe paflages it is evident that they were enabled by fome inftru- 
ment, or other means, not only to view diftant objects, but alfo to 
magnify fmall ones; for if this is not admitted, the paflages appear 
abfurd, and not capable of having a rational meaning applied to 
them. I fhall only adduce a fhort paflage from Pifidias, a chrif- 
tian writer of the feventh century, Ta weArovta ag dice duomtlos 
ou GaAemec “ You fee things future by a dioptrum :” now we 
know of nothing but a profpective glafs or {mall telefcope, where- 
by things at a diftance may be feen as if they were near at hand, 
the circumftance on which the fimile was founded. Et is allo 
clear, that they were acquainted with, and did make ufe of that 
kind of microfcope, which is even at this day commonly fold in 
our ftreets by the Italian pedlars, namely, a glafs bubble filled 
with water. Seneca plainly affirms it, Litere' quamvis minute 
et obfcurce, per vitream pilam aqua plenam, majores clartore/que 


cernuntur.” Nat. Quelt, lib, 1. cap. 7. “ Letters, though minute 
| and 


MicGrRoscoricaL ESSAyYs, g 


and obfcure, appear largér and clearer through a glafs bubble 
filled with water.” Thofe who with to fee further evidence con- 
cerning the knowledge of the ancients in optics, may confult 
Smith’s Optics, Dr. Prieftley’s Hiftory of Light and Colours, 
the Appendix to an Effay on the firft Principles of Natural 
Philofophy by the Rev. Mr. Jones, Dr. Rogers's Differtation on 
the Knowledge of the Ancients, and Mr. Duten’s Enquiry inte | 
the Origin of the Difcoveries attributed to the moderns. 


The hiftory of the microfcope, like that of nations and arts,. 
_ has had it’s brilliant periods, in which it has fhone with uncom- 
mon fplendor, and been cultivated with extraordinary ardour ; 
thefe have been fucceeded by intervals marked with na difco- 
very, and in which the {cience feemed to fade away, or at leaft 
lie dormant, till fome favorable circumftance, the difcovery of 
a new objest, or fome new improvement in the inflruments 
of obfervation, awakened the attention of the curious, and ani- 
mated their refearches. Thus, foon after the invention of the 
microfcope, the field it prefented to obfervation was cultivated by 
men of the firft rank in {cience, who enriched almoft every branch 
of natural hiftory, by the difcoveries they made with this in- | 
frument: there is indeed fcarce any objeét fo inconfiderable, 
that it has not fomething to invite the curious eye to examine 
it; nor is there any, which, when properly examined, will not 
amply repay the trouble of inveftigation. 


I fhall fir fpeak of the sinGLE MICROSCOPE, not only as it is. 
the moft fimple, but becaufe, as we have already obferved, it was 
invented and ufed long before the double or compound micro- 
{cope. When the lenfes of the fingle microfcope are. very con- 
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vex, and confequently the magnifying power very great, the 
field of view is fo fmall, and it is fo difficult to adjuit with acca- 
racy their focal diftance, that it requires fome practice to render 
the ufe thereof familiar; at the fame time, the {mallnefs of the 
aperture to thefe lenfes has been found injurious to the eyes of 
fome ‘obfervers : notwithftanding, however, thefe defects, the 
great ‘magnifying power, as well as the diftinét vifion which is 
obtained by the ule of a deep fingle lens, more.than counter- 
ballances every difficulty and difadvantage. It was with this in- 
-ftrument that Leeuwenhoek and Swammerdam, Lyonet and Ellis 
examined the minima of nature, laid open fome of her hidden 


recefles, and by their example flimulated others to the fame 
-purfuit. 


The conftruétion of the fingle microfcope is fo fimple, that it 
is fufceptible of but little improvement, and has therefore under- 
gone but few-alterations ; and thefe have been chiefly confined to 
‘the mode of mounting it, or the additions to it’s apparatus. ‘The 
greateft improvement’ this inftrument has received, was made by 
‘Dr. Lieberkuhn, about the year 1740; it confifted in placing the 
‘{mall lens in the center of a highly-polifhed concave fpeculum of 
filver, by which means he was enabled to refle& a {trong light 
upon the upper furface of an obje€t, and.thus examine it with 
great eafe and pleafure. Before this contrivance, it was almoft 
impoflible to examine {mall opake objeéts with any degree of 
exa€tnefs and fatisfaG@ion; for the dark fide of the objeét being 
next the eye, and alfo overfhadowed by the proximity of — 
the inftrument, it’s appearance was neceflarily obf{cure _and 


| indifting. 
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Dr. Lieberkuhn adapted a microfcope to every object; they 
confifled of a fhort brafs tube, at the eye end of which a concave 
filver fpeculum was fixed, and in the center of the {peculum a 
magnifying lens: the objett was placed in the middle of the 
tube, and had a {mall adjuftment to regulate it to the focus; at 
the other end of the tube there was a plano convex lens, to con. 
denfe and render more uniform the light which was refleéted 
from the mirror. But all this pains was not beftowed upon trifling 
objects; his were generally the moft curious anatomical prepara- 
tions, a few of which, with their microf{copes, are (I believe), 
depofited in the Britifh Mufeum. It willbe proper, in this place, 
to give fome account of M. Leeuwenhoek’s microfcopes, which 
were rendered famous throughout all Europe, on account of the 
numerous difcoveries he had made with them, as well as from his 
afterwards bequeathing a part of them to the Royal Society. 
The microfcopes he ufed were all fingle, and fitted up ina con- 
venient fimple manner; each of them confifted of a very {mall 
double convex lens, let into.a focket between two plates rivetted 
together, and pierced with a {mall hole; the object was placed on 
a filver point or needle, which, by means of ferews adapted for 
that purpofe, might be turned about, raifed or deprefled at plea- 
fure, and thus be brought nearer to, or be removed farther from 
the glafs, as the eye of the obferver, the nature of the obje&t, and 
the convenient examination of it’s parts required. M. Leeuwen- 
hoek fixed his objeéis, if they were folid, to the foregoing 
point with glue; if they were fluid, he fitted them on a little 
_ plate of talc, or exceeding thin blown glafs, which he afterwards 
glued to the needle, in the fame manner as his other objets. The 
elaffes were all exceeding clear, and of different magnifying pow- 


ers, which were proportioned to the nature of the object, and 


the 
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the parts defigned to be examined. But none of thofe, which 
were prefented to the Royal Society, magnified fo much, as the 
glafs globules, which have been ufed in other microfcopes. He 
had obferved, in a letter of his to the Royal Society, that from _ 
upwards of forty years experience, he found that the moft con- 
{iderable difcoveries were to be made with fuch glafles, as, magni- 
fying but moderately, exhibited the obje€t with the moft perfect 
brightnefs and diftinéinefs.. Each inftrument was devoted to one 
or two objects: hence he had always fome hundreds by him, * 
There is fome reafon for fuppofing, that Leeuwenhoek was ac- 
quainted with a mode of viewing opake objects, fimilar to that 
invented by Dr. Lieberkuhn, + 


_ About the year 1665, {mall glafs globules began to be occa- 
fionally applied to the fingle microfcope, inftead of convex lenfes. 
By thefe globules, an immenfe magnifying power is obtained. 
The invention of them has been generally attributed to M. 
Hartfoeker; it appears, however, to me, that we are indebted 
to the celebrated Dr. Hooke for this difcovery ; for he defcribed 
the manner of making them in the preface to his Micrographia 
Iluftrata, which was publifhed in the year 1656. Now the firlt 
account we have of any microfcopical difcovery by M. Hart-- 
foeker, was that of the {fpermatic animalcule, made by him 
when he was eighteen years old: which brings us down to the 
year 1674, long after Dr. Hooke’s publication. rez 


As thefe glafs | globules have been very ufeful in the hands 
of experienced obfervers, I fhall lay before my readers the 
different | 


* Philofophical Tranfations, No. 380, No. 458.’ 
+ Prieftley’s Hiftory of Optics, p. 220. 


Microscopical Essays. Bac 


different modes which have been defcribed for making them, that- 


he may be enabled thereby to verify or contute the dilcoveries 


that have been {aid to be made with them. 


Take a {mall rod * of the cleareft and cleaneft glafs you can 
procure, free, if poffible, from blebs, veins, or fandy particles ; 
then by melting it in a lamp made with fpirit of wine, or the 
pureft and clearelt fallad oil, draw it out into exceeding fine and 
{mall threads ; take a fmall piece of thefe threads, and melt the 
end thereof inthe fame flame, till you perceive it run into a {mall 
drop or globule of the defired fize; let this globule cool, then 
fix it upon a thin plate of brafs or filver, fo that the middle of it 
may be direétly over the center of a very {mall hole made in this 
plate/ handling it till it is fixed, by the before-mentioned thread 


of glafs. When the plate is properly fixed to your microfcope, 


and the objeét adjufted to the focal diftance of the globule, you 
will perceive the obje€t diftinétly and immenfly magnified. By 
this means, fays Dr. Hooke, I have been able to diftinguifh the 
particles of bodies, not only a million of times {maller than a 
vifible point, but even to make thole vifible whereof a million of 


millions would hardly make ‘up the bulk of the fmalleft vifible 


grain of fand; fo prodigioufly do thele exceeding fmall globules 


enlarge our profpeét into the more hidden receffes of nature. 


Mr. Butterfield, in making of the globules, ufed a lamp with 
{pirit of wine; but mftead of a cotton wick, he ufed fine filver 
wire, doubled up and down like a fkain of thread. f He pre- 

Ss Bo pared 
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pared his glafs by beating it to powder, and walhing it very clean; 
he then took a little of this glals upon the {harp point of a filver 
needle, wetted with {pittle, and held it in the flame, turning it 
about till a glafs ball was formed; then taking it from the flame, 
_ he afterwards cleaned it with foft leather, and fet it in a brafs. 
cell, 


No. perfon has carried the ufe of thefe globules fo far as T. Di 
Torre, of Naples, nor been fo dexterous in the execution of 
them ; and if others have not been able to follow him in the fame 
line, it may be fairly attributed to a want of that delicacy of 
touch for adjufting the objeéts to their focus, and that acutenefs. 
of vifion which can only be acquired by long praétice. P. Torré 
has alfo defcribed, more minutely than any other author, the 
mode of executing thefe globules, which, as it throws much light 
upon the preceding defeription by Dr. Hooke, will not, it is pte~_ 
fumed, be unacceptable to the reader. 


Three things are neceflary for forming of thefe globules: 
x. A lamp and bellows, fuch as are ufed by the glafs-blowers ; 
2. A piece of perfect tripoli; 9. A variety of {mall glafs rods. 
When the flame of the lamp 1s blown m an, horizontal direction, 
it will be found to confift of two parts; from the bafe to about 
two-thirds of it’s length, it is of a white colour; beyond this, it 
is tranfparent, and colourlefs. It is this tranfparent part which 
is to be ufed for melting the glafs, becaule by this it will not be 
in the leaft fullied; but it will be immediately foiled, if 1t touches: 
the white part of the flame. The part.of the glafs which is pre- 
fented to the flame, ought to be exceeding clean, and great care 
fhould be taken that it be not touched by the fingers, Ifthe 

6 glals. 
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glafs rod has contracted any {pots, it muft either be thrown away, 
or the parts that are {potted mutt be cut off. 


The piece of tripoli which is to be ufed in forming the glo. 
bules, fhould be flat on one fide, and fo large, that it may be 
handled conveniently, and protett the fingers from the flame. A 


_ piece four or five inches long, and three or four inches thick, will 
‘anfwer very well. ‘The beit tripoli for this purpofe, is of a white 


colour, with a fine grain, heavy and compaét, and which, aftec 
it has been calcined, is of ared colour. ‘This kind refifts the fire 
beft, is not apt to break when calcined, and the melted glaf{s does 


not adhere toit. To calcine this tripoli, cover it well all round 


with charcoal nearly red hot, leaving it thus till the charcoal is 
quite cold; it may then be takenout. Let feveral hemifpherical 
cavities be made on the flat fide of the tripoli; they fhould be 
of different fizes, nicely polifhed, and neatly rounded at the 
edges, in order to facilitate the entrance of the flame. The large 
globules are to be placed in the large cavities, and the minuter 
ones in the {mall cavities. The holes in the tripoli muft never be 
touched with the finger. If itis neceffary to clean them, it fhould 
be done with white paper; the larger globules may be cleaned 
with wath leather. The glafs rods fhould be of various fizes, as 
of 1-10th, 1-20th, 1-90th of an inch in diameter, as clean and 
free from {pecks and bubbles as poflible. 


To MAKE SMALL GLASs Microscopic GLOBULES. 


Take two rods of glafs, one in each hand, place their ex- 
tremities clofe to each other, and in the pureft part of the flame;, 


when you perceive the ends to be fufed; feparate them from ¢ach 
| Be. ~ > other 5 
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other; the heated glafs following each rod, will be finer, in 
proportion to the length it is drawn to and the fmallnefs of the 
rod; in this manner you may procure threads of glafs of any de- 
sree of finenefs. Dire€t the flame to the middle of the thread, 
and it will be inftantly divided into two parts. When one of 
the threads is perfeétly cool, place it at the extremity of the 
flame, by which it will be rendered round ; and if the thread of 
elafs be very fine, an exceeding {mall globule will be formed, 
This thread may now be broke off from the rod, and a new one 
may be again drawn out as before, by the affiftance of the other 


glafs rod. 


The {mall ball is now to be feparated from the thread of glafs; 
this is cafily effeied by the fharp edge of a piece of flint: The — 
_ ball fhould be placed in a-groove of paper, and another piece of 
paper be held over it, to prevent the ball from flying about and 
being loft. A quantity of globules ought to be prepared in this 
manner; they are then to be cleaned, and afterwards placed in © 
the cavities of the tripoli, by means of a delicate pair of nippers. 
The globules are now to be melted a fecond time, in order to 
render them completely fpherical; for this purpofe, bring one of 
the cavities near the extremity of the flame, dire¢ting this towards 
the tripoli, which muft be firft heated; the cavity is then to be 
lowered, fo that the flame may touch the glafs, which, when it is 
red hot, will affume a perfeét globular form ; it mult then be re- 
moved from the flame, and laid by; when cold, it fhould be 
cleaned, by rubbing between two pieces of white paper. ‘Det at 
now be fet in a brafs cap, to try whether the figure be perfect. If 
the objet is not well defined, the globule muft be thrown away. 
Though, if it be large, it may be expofed two or three times to 

: a _the 
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the flame. When a large globule is forming, it fhould be gently 
agitated by fhaking the tripoll, which will prevent it’s becoming 
flat on one fide. By attending to thefe directions, the greater 
part of the globules will be round and fit for ufe. in damp wea- 
ther, notwithftanding every precaution, it will often happen, that 
out of forty globules, four or five only will be fit for ule. . 


Mr. Stephen Gray, of the Charter-Houfe, having obferved 
fome irregular particles within a glals globule, and finding that 
they appeared diftiné&t and prodigioully magnified when held clofe 
to his eye, concluded that if he placed a globule of water, in 
which there were any particles more opake than the water, near 
his eye, he fhould fee thole particles diftinétly and highly mag- 
nified. This idea, when realized, far exceeded his expectation. 
His method was, to take on a pin a {mall portion of water which 
he knew had in it fome minute animalcule; this he laid on the 
end of a {mall piece of bra{s wire, till there was formed fomewhat 
more than an hemifphere of water; on applying it then to the 
eye, he found the animalcule moft enormoufly magnified; for 
thofe which were f{carce difcernible with his glafs globules, with 
this appeared as large as ordinary fized peas. They cannot be 
- feen by day-light, except the room be darkened, but are feen to 
the greateft advantage by candle-light. Montucla obferves, that 
when any objeéts are inclofed within this tranfparent globule, 
the hinder part of it atts like a concave mirror, provided they be 
fituated between that furface and the focus; and that by this 
means they are magnified three times and a half more than they 
would be in the ufual way. An extempore microfcope may be 
formed, by taking up a {mall drop of water on the point of a pin, 
and placing it over a fine hole made ina piece of metal; but as 
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the refralive power of water is lefs than that of elafs, thefe 
globules do not magnify fo much as thofe of the fame fize, 
which are made of glafs: this was alfo contrived by Mr. Gray. 
The fame ingenious author invented another water microfcope, 
confifting of two drops of water, feparated in part by a thin brafs 
plate, but touching near the center; which were thus rendered 
equivalent to a double convex lens, of unequal convexities. 


Dr. Hooke defcribes a method of ufing the fingle microfcope, 
which feems to have a great analogy to the foregoing methods 
of Mr. Gray. Ifyou are defirous (he fays) of obtaining a mi- 
crofcope with one fingle refraftion, and coniequently capable of 
procuring the greatelt clearnefs and brightnefs any one kind 
of microfcope Is fufceptible of; {pread a little of the fluid you in- 
tend to examine ona glafs plate, bring this under one of your 
microfcopic globules, then move it gently upwards, till the fluid 
touches the globule, to which it will foon adhere, and that fo 
firmly, as to bear being moved a little backwards or forwards, 
By looking through the globule, you will then have a perfeét view 
of the animalcule in the drop. * — | 


Having laid before the reader the principal improvements that 
have been fuggefted or made in the fingle microfcope, it remains 
only to point out thofe inftruments of this kind, which, from the 
mode in which they are fitted up, feem beft adapted for general 
ufe ; the peculiar advantages of which, as well as the manner of 


ufing them, will be defcribed in the third chapter of this work. 


. Fig. 
* Hooke’s LeGtures and Conjectures, p. 98. 
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Fig. 9. Plate VI. reprefents that which was ufed by M. Lyon- 
net for atts the coflus. 


Fig. 1. Plate VIL. B. The aquatic microfeope ufed by Mr. 
Ellis for inveftigating the nature of coralline, and recommended 
by Mr. Curtis to botanifts, in his Flora Londinenfis, 


Fig. 1. Plate VI. A botanical ea contrived by Dr. 


Withering. 


Fig. 2. Plate VI. A botanical microfcope, by Mr. B. Martin. 


Fig. 5. Plate VI. The tooth and pinion microfcope, which is 
now generally fubftituted in the room of Wilfon’s. 


Fig. 8. Plate VIII A botanical magnifier: 
Fig. 7. Plate VIII. A different kind of botanical magnifier, 


A COMPOUND MICROSCopE, as. it confifts of two, three, or- 


“more glafles, is more eafily varied, and is fufceptible. of greater 


ehanges in it’s conftruétion, than the fingle microfcope.. The 
number of the lenfes, of which it is formed, may be increafed or 
diminifhed, their refpeftive pofitions may be varied, and the 
form in which they are mounted be altered almoft ad infinitum. 

But among thefe varieties, fome will be found more deferving of 
attention than others; it is of thefe only we fhall fpeak in this 
place, 


The 


i6 MicroscopicaLu Essays. 


The three firft compound microfcopes that attract our notice, 
are thofé of Dr. Hooke, Euftachio Divini, and Philip Bonnani. 
Dr. Hooke gives an account of his in the preface to his Micro- 
graphia, which was publifhed in the year 1656; it was about 
three inches in diameter, feven long, and furnifhed with four 
draw-out tubes, by which it might be lengthened as occafion re- 
quired: it had three glaffes, a {mall objeét glafs, a middle glafs, 
and a deep eye glafs: Dr. Hooke ufed all the glafles when he - 
wanted to take in a confiderable part of an objeét at once, as by 
the middle glafs a number of radiating pencils were conveyed to 
the eye, which would otherwife have been loft: but when he 
wanted to examine with accuracy the {mall parts of any fubfiance, 
he took out the middle glafs, and only made ufe of the eye and 
objet lenfes ; for the fewer the refraétions are, the clearer and 
more bright. the object appears. 


An account of Euftachio Divini’s microfcope was read at the 
Royal Society, in 1668.* It confifted of an objeétlens, a mid- 
dle glafs, and two eye glafles, which were plano convex lentes, 
and were placed fo that they touched each other in the center of 
their convex furfaces; by which means the glafs takes in more of 
an object, the field is larger, the extremities of it lefs curved, 
and the magnifying power greater. The tube, in which the 
glafles were inclofed, was as large as a man's leg, and the eye 
glaffes as broad as the palm of the hand. It had four feveral 
lengths ; when fhut up, it was fixteen inches long, and magnified 
the diameter of an objeét forty-one times; at the fecond length, 
ninety times; at the third length, one hundred and eleven times ; 

at 
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at the fourth length, one hundred and forty-three times. It does 
not appear that E. Divini varied the objeét lenfes, 


Philip Bonnany publifhed an account of his two microfcopes in 
1698 ;* both-were compound; the firft was fimilar to that which 
Mr. Martin publifhed as new, in his Micrographia Nova,+ in 
1712. His fecond was like the former, compofed of three 
glafles, one for the eye, a middle glafs, and an objeét lens: 
they were mounted in.a cylindrical tube, which was placed in an 
. horizontal pofition; behind the flage was a {mall tube, with a 
convex lens.at each end; beyond this was a lamp; the whole ca- 
pable of various adjuftments, and regulated by a pinionand rack ; 
the {mall tube was ufed to condenfe the light on the objeét, and 
{pread it uniformly over it according to it’s nature, and the mag- 
nifying power that was ufed. i 


If the reader attentively confiders the conflrudtion of the fore- 
going microfcopes, and compares them with more modern ones, - 
he will be led to think with me, that the compound. microfcope 
has received very little improvement fince the time of Bonnani. 
Taken feparately, the foregoing conftruGtions are equal to fome 
of the moft famed modern microfcopes. _ If their advantages are 
combined, they are far fuperior to that of M. Dellebarre, not- 
withftanding the pompous eulog inna affixed thereto by Meff. De, 
L’Academie Royale des Sciences. } 


Ke Vy From 


* Bonnani Obfervattones circa viventia, &c. 
+ Micrographia Nova, by B. Martin, 4to. 
+ Memoires fur les Differences de la ConftruGtion et des Eiffets: du Microfcope, 
de M. L, F, Dellebarre, 1777. 
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From this period, to the year 1736, the microfcope appears 
not to have received any confiderable alteration, but the: 
{cience itfelf to have been at a ftland. The improvements which 
were making in the reflecting telefeope, naturally led thofe who 
had turned their thoughts this way, to expeéct a fimilar fervice 
for microfcopes on the fame principles: accordingly we find two 
plans of this kind; the firlt- was that of Dr. Robert Barker. 
This inftrument is entirely the fame as -the fefletmg’ ‘télefcope, 
excepting the diftance of the two fpeculams, which is ie ameneet 
in order to adapt it to thofe pencils of rays which enter the 
telefcope diverging ; whereas, from very diftant objects, they 
come in a direétion nearly parallel. But this was foon laid afide, 
not‘only as it was more difficult to’ manage; but allo becaule it 
was unfit for any but very {mall or tran{parent objects: for the 
obje&t being between the {peculum and the image, would, if it 


were large and opake, prevent a due a of light on the 
object. 


The fecond was contrived by Dr. Smith.* Jn this there were 
two reflecting mirrors, one concave, and the other convex; the 
image was viewed by a lens. This microfcope, though far from 
being executed in the beft manner, performed, fays Dr. Smith, 
very well, fo that he did not’ doubt but what it would have ex- 
celled others, if it had been properly finifhed. 


As fome years are more favorable to the fruits of the earth, fo 
alfo fome periods are more favorable to particular fciences, being 
rich in difcovery, and cultivated with ardor.. Thus, in the year 


6 1738, 


* Dr. Smith’s Optics, Remarks, p.94- 
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1798, Mr. Lieburkuhn’s invention of the folar microfcope was 
communicated to the public: the vaft magnifying power which 


-was obtained by this inftrument, the coloflal grandeur with which 


it exhibited the minima of nature, the pleafure which arofe from 
being able to difplay the fame obje& to a number of obfervers at 
the fame time, by affording a new fource of rational amufement, 
increafed the number of microfeopic obfervers, who were further 
{timulated to the fame purfuits by Mr, Trembley’s famous difco- 
very: of the polype: the wonderful properties of this little animal, 
together with the works of Mr. Trembley, Baker,’ and my father, 


-revived the reputation of this inftrument. * 


Every optician now exercifed his talents in improving (as he 
called it) the microfcope; in other words, in varying it’s con- 
ftru€tion, and rendering it different from that fold by his neigh- 
bour. “Their principal objeét feemed to be, only to fubdivide 
the inftrument, and make it lie in as {mall a compafs_as poflible ; 
by which means, they not only rendered it complex, and trou- 


blefome in ufe, but loft fight alfo of the extenfive field, great 
‘light, and other excellent properties of the more ancient inftru- 


ments; and in fome meafure, fhut themfelves out from further 
improvements on the microfcope. Every mechanical inftrument 
is fufceptible of almoft mfinite combinations and changes, which 
are attended with their relative advantages and difadvantages: 

thus, what is gained in power, is loft in time; “he that loves to 


‘be confined’ to a {mall houfe, muft lofe the benefit of air and 


exercife,” | . | 
“especial | Gig The 


* Trembley Memoires fur les Polypes. Baker’s Microfcope made Eafy; 


_ Attempt towards an Hiftory of the Polype; Employment for the Microfcope. 


Adams’s Micrographia Iluftrata. Joblot’s Obfervations d’Hiftoire Naturelle. 


°Q MIcROSCOPICAL ESSAYS. 


The microfcope, nearly at the fame period, gave rife to M. 
Buffon’s famous fyftem of organic molecules, and M. Need- 
ham’s incomprehenfible ideas concerning a vegetative force 
and the vitality of matter. M. Buffon has dreffed up his fyftem 
with all the charms of eloquence, prefenting it to the mind in 
the moft agreeable and lively colours, exerting the de pths of eru- 
dition in the moft interefling and” feducing manner, to eftablifh 
his hypothefis, making us almoft ready to adopt it againft the 
diGtates of reafon, and the evidence of facts... But whether thts 
great man was mifled by the warmth of his imagination, his 
attachment to a favorite fyftem, or the ufe of imperfect inftru- 
ments, it appears but too evident, that he was not acquainted 
with the objeéts whofe nature he attempted to inveltigate ; and it 
is probable, that he never faw * thofe which he fuppofed: he was 
deferibing, continually confounding the animalcule produced 
from the ‘paciting decompofition: of animal fubftances,. with the 
{permatic animalcule, although they are two kinds. of beings,.- 
differing in form and nature:; fo that the beautiful fabric attempt-- 
ed to Be raifed on his hypothefis, vanifhes before the light. of 
truth and well conducted experiments.. 


After this period, the mind, either fatisfied with the difcoveries: 
already made, (which will be particularly: defcribed’ hereafter) 
or tired by it’s own exertions, fought for repofe im other purfuits.; 


fo that for feveral years this inftrument was again, in: fome mea- 
fure, 


* Porro Buffonius, ut cum illuftris viri venia dicafn omnino non videtur, ver-. 
miculos feminales vidiffe. Diuturnitas enim vite quam fuis corpufculis tribuits, 
oftendit non effe noftra animalcula (id eft, fpermatica). quibus: brevis et paucarum. 
horarym vitaeft. Haller Phyfiol. tom. 7- | 
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fure, laid afide. In 1770, Dr. Hill * publifhed a treatife, in 


which he endeavours to explain the conflruction of timber by 


the microfcope, and {hew the number, the nature, and office of 
it’s feveral parts, their various arrangements and proportions in 
the different kinds; and pomt out a way of judging, from the 
firu€ture of trees, the ufes they will beft ferve in the affairs of 
hfe. So important a fubje@*foon revived the ardor for micro- 
feopic purfuits, which feems to have been increafing ever fince. 


- About the fame time, my father contrived an inftrument for cut-. 


ting the tranfverle feGtions of wood, in order that the texture 
thereof might be rendered more, vifible in the microfcope, and 
confequently be better underftood; this inftrament was afterwards 
improved by Mr. Cumming. Another inftrument for the fame 
purpofe, more certain in it’s effets, and more eafily managed, 1s 
reprefented in fig. 1, plate g; it will be deferibed in one of 
the following chapters. Dr. Hooke and Mr. Cuftance now en- 

deavoured to: bring back the microfeope nearer to the old ftand-— 
ard, to increafe the field by the multiplication of the eye glafles, 
and to augment the light on the object, by condenfing lenfes ; 
and‘in this they happily fucceeded :: Mr. Cuflance was unrivalled 
in his dexterity in preparing, and accuracy in. cutting thin tranf- 


verle feétions of wood. 


In 177%, my father publifhed a fourth: edition of his, Micro-. 
sraphia, in which he defcribed the. principal inventions then in 
ufe ; particularly a contrivance of his own, for applying the folar 
microfcope to the camera obf{cura, and illuminating it at night by 

a lamp,. 


® Dr. Hill on the Conftruction of Timber. . 
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alamp, by which means a pi€ture of microfcopic objeéis might . 
be exhibited in winter evenings. i 


It appears * from the teftimony of M. Apinus, that M. Lie- 
burkuhn had confiderably improved the folar microfcope, by 
_ adapting it to view opake objeéts. ‘This contrivance was by fome 
means loft. The knowledge, however, that fuch an effect had 
been produced, led /Epinus to attend to the fubje&t himfelf, in 
which he in fome meafure fucceeded, and would, no doubt, have 
brought it to perfettion, if he had increafed the fize of his illu- 
minating mirror. Some further improvements were made on this 
inftrument by M. Zichr ; but the moft perfect inftrument of the 
kind, is that of Mr. B. Martin, who publifhed an account of it in 
the year 1774.+ The common folar micro{cope does not fhew 
the furface of any objeét, whereas the opake folar microfcope not 
only magnifies the obje&t, but exhibits on a f{creen an expanded 
picture of it’s furface, with all it’s colours, in a moft beautiful . 


manner. 


About the year 1774, I invented the improved lucernal 
microfcope ; this inftrument does not in the leaft fatigue the eye; 
it fhews all opake objeéts in a moft beautiful manner; and trant{- 
parent objeGts may be examined by it in various ways, fo that no 
part of an objeét is left unexplored ; and the outlines of all may 
be taken with eafe, even by thofe who are moft unfkilled in 
drawing. | 

M. L. 


* Prieflley’s Hift. of Optics, p. 743. 
+ Martin’s Defcription and Ufe of an Opake Solar Microfcope. 
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M. L. F. Dellebarre publifhed an account of his microfcope 
in the year 1777. It does not appear from this, that it 


- was fuperior in any refpecét to thofe that were then made in 


England, but was inferior in others; for thofe publifhed by my 
father in 1771, poflefled all the advantages of Dellebarre’s in a 


_ higher degree, except that of changing the eye glafles. 


In 1784, M. Aipimus publifhed a defcription of what he 
termed new-invented microfcopes, in a letter to the Academie des 
Sciences de St. Peterfburg;,* they are nothing more than an ap- 
plication of the acromatic per{pective to. microfcopic purpofes. 
Now it has been long known toevery one who 1s the leaft verfed 
in optics, that any Lia is eafily converted into a microfcope, 
by removing the object glafs to a greater diflance from the eye 
glaffes; and that the diftance of thei image varies with the diftance 
of the objeét from the focus, and is magnified more, as it’s 
diftance from the objeft is greater: the fame telefcope may, 
therefore, be fucceflively turned into a microfcope, with different | 
magnifying powers. Mr. Martin had alfo fhewn, 1n his defcription 
and ufe of a polydynamic microfcope, how eafily the fmall acro- 
matic perfpeétive may be applied to this purpofe. Botanitts 
might find fome advantage in attending to this inftrument; it 
would affift them in difcovering {mall plants at a diftance, and 
thus often fave them from the thorns of the Bates and the dirt of 
a ditch. 


Fig. 1, Plate III. reprefents the improved lucernal microfcope. 


Figs. 


Le) 


* Defcription des Nouveaux Microfcopes, inyentes par M. Avpinus. 
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Fig. 1, Plate V. reprefents a folar opake microfcope. 
Fig. 4, Plate VI. is a picture of the couimon folar micro{cope. 


Fig. 3, Plate IV. is what is. ufually called Culpeper’s, or 
the three pillared microfcope. ; i. 


Fig. 1, Plate IV. the improved double and fingle microfcope. 
Fig. 2, Plate IV. the beft double conftruéted microfcope. 
Fig. 1, Plate VII..A. the common double conftruéted Picolcopes 


Fig. 9, Plate VII.. a microfcopic telefcope, or convenient 
portable apparatus for a traveller. 


We cannot conclude this chapter better than with the following | 
obfervations on the microfcope. We are indebted to it for many 
difcoveries. in natural hiftory; but let. us not f{uppofe, that the 
Creator intended to hide thefe-obje&ts from our obfervation. It 
is true, this inftrurnent difcovers to us as 1t were a new creation, — 
new feries of animals, new forefts of vegetables; but he who 
gave being to thele, gave us an underftanding capable of imvent- 
ing means to affift our organs in the difcovery of their hidden 
beauties. He gave us eyes adapted to enlarge our ideas, and ca- 
pable of comprehending a univerfe at one view, and confequently 
incapable of difcerning thofe minute beings, with which he has 
peopled every atom of the univerfe. But then he gave properties 
and qualities to matter of a particular kind, by which 1t would 
procure us this advantage, and at the fame time elevated the 

| ~ under- 


a Se net 
: 
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 underftanding from one degree of knowledge to another, till it 


was able to difcover thefe affiftances for our fight. 


It is thus we fhould confider the difcovertes made by thofe in- 
ftruments, which have received their birth from an exertion of 
‘our faculties. It is to the fame power, who created the objects of 
our admiration, that we are ultimately to refer the means of dif- 
covering them. Let no one, therefore, accule us of prying 
deeper into the wonders of nature, than was intended for us. 
There is nothing we difcover by their affiftance, which is not a 
frefh fource of praife; and it does not appear, that our faculties 
«can be better employed, than im finding means to inveftigate the 
works of God. : | 


From a partial confideration of thefe things, we are very apt 
to criticife what we ought to admire; to look upon as ufelefs 
what perhaps we fhould own to be of infinite advantage to us, 
did we fee a little farther; to be peevifh where we ought to give 
thanks; and at the fame time, to ridicule thofe who employ their 
time and thoughts in examining what. we were, i. e. fome of us 
moft affuredly were, created and appointed to fludy. In fhort, 
we are too apt to treat the Almighty worle than a rational man 
would treat a good mechanic, whofe works he would either 
thoroughly examine, or be afhamed to find any fault with them. 
This is the effect of a partial confideration of nature ; but he who 
has candor of mind, and leifure to look farther, will be. inclined 


tO Cry out: 


How wondrous is this feene! where all is form’d 
- With number, weight, and meafure! all defign’d | 
| D For 
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For fome great end! where not alone the plant 
Of flately growth; the herb of glorious hue, 

Or food-full fubftance! not the laboring fleed, 
The herd, and flock that feed us; not the mine 
That yields us ftores for elegance and ufe; 

The fea that loads our table, and conveys 

The wanderer man from clime to clime, with all 
Thole rolling fpheres, that from on high {hed down 
Their kindly influence; not thefe alone, 

Which ftrike ev’n eyes incurious, but each mofs, 
Each fhell, each crawling infect, holds a rank 
Important in the plan of Him, who fram’d: 


This {eale of beings; holds a rank, which loft. 


Would break the chain, and leave behind a gap. 
Which nature’s felf would rue. Almighty Being, 
Caufe and fupport of all things, can I view , 
Thefe obje€ts of my wonder; can I feel 

Thefe fine fenfations, and not think of thee? 
Thou who doft thro’ th’ eternal round of time,, 
Doft thro’ th’ immenfity of fpace exitt 

Alone, fhalt thou alone excluded be 

From this thy univerfe ? Shall feeble man 

Think it beneath his proud philofophy 

To call for thy afliftance, and pretend 

To frame a world, who cannot frame a clod?P— | 


Not to know thee, is not to know ourfelves— 


Is to know nothing—nothing worth the care 
Of man’s exalted {pirit :—all becomes, 
Without thy ray divine, one dreary gloom, 
Where lurk the monfters of phantaftic brains, . 
Order 


wt 


fa 
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Order bereft of thought, uncaus’d effeéts, 

Fate freely a€ting, and unerring chance. 
Where meanlefs matter to a-chaos finks, 

Or fomething lower fill, for without thee 

It crumbles into atoms void of force, 

Void of refiftance—it eludes our thought. 
Where laws eternal to the varying code 

Of felf-love dwindle. Intereft, paffion, whim, 
Take place of right, and wrong, the golden chain 
Of beings melts away, and the mind’s eye 

Sees nothing but the prefent. All beyond 


Is vifionary guefs—is dream—is death.* 


4 


© Stillingfleet’s Mifcellaneous Traéts. 
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Or Viston, OF THE OpricaL Errecr or Mrcroscorgs;. 
AND OF THE MANNER OF ESTIMATING THEIR Mac= 
NIFYING POWERS. ards 


nti HE progrefs. that has been made in tlie feienee of optics,. 
in the laft’ and prefent century, particularly by Sir Taac- 
Newton, may with propriety be ranked among the greateft acqui-. 
fitions of human knowledge. And Meff. Delaval and Herlchet: 
have fhewn by their difcoveries, that the boundaries of this: 
{cience may be confiderably enlarged. 


The rays of light, which minifter to the fenfe of fight,. are the: 
moft wonderful and aftonifhing part of the inanimate creation ; of 
which we {hall foon be convinced; if we confider their extreme: 
minutenefs, their inconceivable velocity, the regular variety of: 
colours they exhibit, the invariable laws according to: which they. 
are aéted upon by other fubftances, in. their refleCtions, infleétions,. 
and refraétions, without the leaft change of their original proper- 
ties; and the facility with whieh they pervade bodies of the- 
ereateft denfity and clofeft texture, without refiftance, without 
crouding or difturbing each other. Thefe,I believe, will be: 
deemed fufficient proofs of the wonderful nature of thefe rays; 
without adding, that it is by a peculiar modification of them, that: 
we are indebted for the advantages we obtain by the microfcope.. 


The | 
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The {cience of optics, which explains: and treats of many of 
ihe properties of thele rays of light, is deduced from experiments, 
on which all philofophers are agreed. It is impoflible to give an 
adequate idea of the nature of vifion, “without a knowledge: of 
thefe experiments, and the mathematical reafoning grounded 
upon them ; but as to do this would alone fill a large volume, I 
fhall only endeavour to render fome of the more general princi- 
ples clear, that the reader, who is unacquainted with the {cience 
of optics, may neverthelels be enabled to comprehend the nature 

of vifion by, the microfcope. Some of the: moft important of 
thefe. principles may ‘be deduced from the following very 
interefling experiment. 


‘Darken a réom, and let the light be admitted therein only by 
a'{mall hole; then, if the weather is fine, you will fee on the 
wall, which is facing the hole, a pidture of all thofe exterior ob- 
jects which are oppofite thereto, with all their colours, though 
thele will be but faintly feen. The image of the objeéts that are’ 
flationary, as treés, houfes, &c. wilP appear fixed; while the 
images of thofe that are in motion, will be feen to move. The 
image of every objeft will appear inverted, becaufe the rays crols 
each other'in palling through the fmall hole. If the fun fhines on: 
the hole, we fhall fee a lummous ray proceed in a ftrait line, and 
terminate on the wall. If the eye is placed in this ray, it will be in 
a right line with the hole and the fan: it is the fame with every 
other objet which is painted on the wall. The images of the ob- 
jects exhibited on the fame plane, are fmaller in proportion as the: 
objeéts are further from the hole, | 


Many 
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Many and important are the inferences which may be deduced 
from the foregoing experiment, among which are the following: 


1. That light flows in a right line. 


2. That a luminous point may be feen from all thofe places to 
which a {trait line can be drawn from the point, without meeting 
with any obitacle; and confequently 


3. That a luminous point, by fome unknown power, fends 
forth rays of light in all direétions, and is the center of a {phere 
of light, which extends indefinitely on al! fides; and if we con- 
ceive fome of thefe rays to be intercepted by.a plane, then is the 
luminous point the fummit of a pyramid, whole body is formed 
by the rays, and it’s-bafe by the intercepting plane.—The - 
image of the furface of an object, which is painted on the wall, is 
alfo the bafe of a pyramid of light, the apex of which is the 
hole; the rays which form this pyramid, by crofling at the hole, 
form another, fimilar and oppofite to this, of which the hole is 
alfo the fummit, and the furiace of the object the bafe. 


4. That an objet 1 is vifible, becaufe all it’s pounts are radiant 
points. 


5. That the particles of light are indefinitely {mall ; for the 
rays, which proceed from the points of all the objeéts oppofite to 
the hole, pafs through it, though extremely {mall, matlieny em- 
baring or confounding each other, 


6. That 


—  ———E—————————————_ 
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6. That every ray of light carries with it the image of the 
objett from which it was emitted. 


The nature of vifion in the eye, may be imperfetly iluftrated 
by the experiment of the darkened room ; the pupil of the eye 
being confidered as the hole through which the rays of light pals, 
and crofs each other, to paint on the retina, at the bottom of the 
eye, the inverted images of all thofe objeéis which are expofed to 
the fight, fothat the diameter of the images of the fame object 
are greater, in proportion to the angles formed at the pupil, by 
the croffing rays which proceed trom the extremities of the ob- 
ject; that is, the diameter of the mage is greater, im proportion 
as the diftance is lefs; or, in other words, the apparent magni- 
tude of an objet is in fome' degree meafured by the angle under 
which it is feen, and this angle increafes or diminifhes, according 
as the obje€t is nearer to, or further from the eye; and confe- 
quently, the lefs the diftance is between the eye and the object, 
the larger the latter will appear. 


From hence it follows, that the apparent diameter of an objet 
feen by the naked eye, may be magnified in any proportion we 
pleafe ; for as the apparent diameter is increafed, in proportion 
as the diftance from the eye is leflened, we have only to leffen 
the diftance of the object from the eye, in order to increafe the 
apparent diameter thereof.* Thus, fuppofe there is an object, 
AB, Plate I. Fig: 1, which to an eye at FE fubtends or a 
under the angle AEB, we may magnify the apparent diamcte 
in what proportion we pleafe, by bringing our eye nearer to it. 
If, for inflance, we would magnify it in the proportion of FG 

to 


* Rutherforth’s Syftem of Natural Philofophy, p. 330- 
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to AB; that is; if wewould fee the objet under an: angle as 
large as FE G, or would make.it appear the fame length that an 
object as long as F G would appear, it may be done by coming 
nearer to the objeét. For the apparent diameter is as the:diftance 
inverfely ; therefore, 1f CD is:as much lefs than CE, as FG is. 
greater than AB, by bringing the eye nearer to the objeét in:the _ 
proportion of CD to:ED, the apparent diameter will be mag- 
nified in the proportion. of F G-to AB; fo that thevobjet AB, 
to the eye at D, will appear as long as an objett FG would ap- 
pear tothe eye at E. In the fame manner, ‘we might fhew, that 
the apparent diameter of an objeft, when feen by the naked,eye, 
may be infinite, Forfince the apparent diameter'is reciprocally 
as the'diftance of the eye, when the diftance of the eye is nothing, 
or when the eye is clofe to the obje& at'C, the apparent sllamebier 
will be the teciprocal of nothing, or infinite. | 


There is, however, one great inconvenience in thus magnify- 
ing an object, without the help of glafles,, by placing the eye 
nearer toit. The inconvenience is, that we cannot fee an object 
diftin@ly, unlefs the eye is about five or fix mches from it; there- 
fore, if we bring it nearer to our eye than five.or fix inches, how- 
ever it may be magnified, it will be feen confufedly. Upon this 
account, the greateft apparent magritude of an objedt that we - 
are ufed to, is the apparent magnitude, when the eye is about five 
or fix inches from it: and we never place an object much within 
that diflance; becaufe,’ though it might be magnified by this 
means, yet the confufion would prevent our deriving any advan- 
‘tage from feeing it fo large. The fize of an objett leems extra- | 
ordinary, when viewed through a convex lens; not becaufe it Is 
impoffible to make it appear of the fame fize to the naked eye, 
4 } : 3 Bren - * but 
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but becaufe at the diftance from the eye which would be neceflary 
for this purpofe, it would appear exceedingly confufed; for 
which reafon, we never bring our eye fo near to it, and confe- 
’ quently, as we have not been accuftomed to fee the object of this 
fize, it appears an extraordinary one, 


On account of the extreme minutenefs of the atoms of light, 
it is clear, a fingle ray, or even a {mall number of rays, cannot 
make a fenfible impreflion on the organ of fight, whofe fibres are 
very grofs, when compared to thele atoms ; it is neceffary, there- 
fore, that a great number fhould proceed from the furface of an 
object, to render it vifible. But as the rays of light, which 
proceed from an objeét, are continually diverging, different 
methods have been contrived, either of uniting them in a. given 
point, or of feparating them at pleafure: the manner of doing 
this, is the fubjeGt of dioptrics and catoptrics. 


By the help of glafles, we unite in the fame fenfible point a 
great number of rays, proceeding from one point of an objeét ; 
and as each ray carries with it the image of the point from whence 
it proceeded, all. the rays united muft form an image of the 
obje&t from whence they were emitted. ‘This image 1s brighter, 
in proportion as there are more rays united ; and more diftinét, 
- in proportion as the order, in which they proceeded, is better 
preferved in their union. This may be rendered evident ; for, if 
a white and polifhed plane is placed where the union is formed, 
we fhall fee the image of the object painted in all. its colours on 
this plane; which image will be brighter, if all adventitious light 
is excluded from the plane on which it is received. 


E, ‘The 
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The point of union of the’ rays of light, formed by'm means of 
a glafs lens, &c. is called the rocus. | | 


« Now, as each ray carries with it the image of the obje&t from - 
whence it proceeded, it follows, that if thofe rays, after inter- 
fe€ting each other, and having formed an image at their inter- 
feftion, are again united by a refraction or reflection, they will 
form a new image, and that repeatedly; as long as their order 1 1S 
not confounded or difturbed. 


It follows alfo, that when the progrefs of the luminous ray 1s: 
under confideration, we may look on the image as the object,” 
and the objeét as the image; and confider the ‘fecond image, as: 


if it had been produced by the firft as an obje€t, and fo on. 


In order to gain a clear idea of the wonderful effeéts produced. 
by glafles, we ay proceed to fay fomething of the principles of 
refraction. 


Any body, which is fo conftituted as to yield a paflage to the 
rays of light, is called a MEpi1uM. Air, water, glafs, &c. are 
mediums of light. If any medium affords an eafy paflage to the’ - 
rays of light, it is called a RARE MEDIUM; but if it does not 
‘afford an eafy paflage to thefe rays, it is called a DENsE 
MEDIUM. van 


Let Z, Fig. 2, PlateI. bea as medium, and Y a denfe one; 
and let them be feparated by the plane furface GH. Let I - 
bea perpendicular to it, and cutting it in C.. . 


With 


Oe ak 
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With the center C, and any diftance, let a circle be deferibed. 
Then let AC bea ray of light, falling upon the denfe medium. 


This ray, if nothing prevented, would go forward to L; but be- 


caufe the medium Y is fuppofed to be denfer than Z, it will be 
bent downward toward the perpendicular IK, and defcribe the 
ine CB. | 


The ray AC is called the iIncIDENT RAY; and the ray CB, 
the REFRACTED RAY. | 


The angle ACI is called the ANGLE oF INCIDENCE, and the 
angle B CK is called the ANGLE OF REFRACTION. 


If from the point A, upon sue right line CI, there be let fall 
the perpendicular AD, that line is called the fine of the angle of | 
incidence. Ak 


‘Inthe fame manner, if from the point B, upon the right line 
1K, there be let fall the perpendicular BE, that line will be the 
fine of the. ah of refraétion. 


The fines ‘of the angles are ealie oactures of the eheidlons and 
this meafure is conftant; that is, whatever is the fine of the angle 
of incidence, it will be in a conflant proportion to the fine of the 
angle of refraétion, when the meditms continue the fame. . A 
general idea of ‘tefraGtion sd be formed from . the following 
experiments. | roe wile, AS tha h | 

Let ABCD, Fig. 3, Plate I. reprefenta vellel fo placed, with 
refpect to the candle E, that the fhadow oi i the fide A C may fall 

E 2 ay at 
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at D. Suppofe the veffel to be now filled with water, and the 
fhadow will withdraw to d; the ray of light, inftead of proceed- 
ing to D, being refraéted or bent to d. And there is no doubt 
but that an eye, placed at d, would fee the candle at e, in the 
direction of the refratted ray d A. This is alfo confirmed by the 


following pleafing experiment. 


Lay a fhilling, or any piece of money, at the bottom of a 
bafon ; then Sanne from the bafon, till you lofe fight of the 
fhilling; fill the bafon nearly with water, and the fhilling will be 
{een very plainly, though you are at the fame diftanee from it. 


Experiment 9. Place a ftick over a bafon which is filled with: 
water; then refleét the fun’s rays, fo that they may fall perpen- 
dicularly on the furface of the water ; the fhadow of the ftick will 
fall on the fame place, whether the veflel be empty or full. 


What has been faid of water, may be applied to any tranf- 
parent medium, only the power of refraction’ is greater in fome 
than in others. It is from this wonderful property, that we 
derive all the curious effeéts of glafs, which make it the fubje€t of 
optics. It is to this we owe the powers of the nier@ledpe! and 
the telefcope. 


To produce thefe effetts, pieces of glafs are formed into given 
figures, which, when fo formed, are called lenfes. The fix un- 
der-mentioned figures, are thofe which are moft in ufe for optical. 
purpoles. | 


1A 
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1. A PLANE GLASS, One that is flat on each fide, and of an 


~ equal thicknefs throughout. F, Fig. 13, Plate I. 


9, A DOUBLE CONVEX GLASS, one that is more elevated to- 


_ wards the middle than the edge. _B, Fig. 13, Plate I. 


3. A pouBLE CONCAVE is hollow on both fides, or thinner 
im the middle than at the edges. D, Fig. 13, Plate I. 


4. A PLANO CONVEX, flat on one fide, and convex on the 
other. A, Fig. 13, Plate I. 


5. A PLANO CONCAVE, flat on one fide, and concave on the 


other. C, Fig. 19,. Plate 1. 


6. A MENISCUS, convex on one fide, concave on the other, 
E, Fig. 13, Plate I. 


It has been already obferved, that light proceeds invariably 
from a luminous body, in {trait lines, without the leaft devi- 
ation; but if it happen to pafs from one medium to another, it 
always leaves the direction it had before, and aflumes a new one. 
After having taken this new direétion, it proceeds in a ftrait 
line, till it meets with a different medium, which again turns 
it out of it’s courle. 


A ray of light, pafling obliquely through a plane glafs, will go 
out in the fare dire€tion it entered, though not precifely in the 


fame line. The ray CD, Fig. 4, Plate I. falling obliquely 


epee the furface of the plane glafs AB, willbe refracted towards 
the 


fg> 
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the glafs in the dire€tion DE; but when it comes to E, it will 
be as much refracted the contrary way. If the ray of light had 
fallen perpendicularly on the furface of the plane glafs, it would 
have pafled through it in a ftrait line, and not have been 


‘refraéted at all. 


If parallel rays of light, as a bcdefg, Fig.6, Plate I. fall 
directly upon a convex lens AB, they will be fo bent, as to 
unite in a point C behind it. For the ray dD, which falls per- 
pendicularly upon the middle of the glafs, will go through inge 
without fuffering any refraction: but thofe which go throu dh the 
fides of the lens, falling obliquely on it’s furface, will be fo bent, 
as to meet the central ray at C. The further the ray a is from 
the axis of the lens, the more obliquely it will fall upon it. The 
rays abc defgvwill be fo refra&ted, as to meet or be colleéted in 
the point K, ‘called the principal focus, whofe diftance, in a 
double convex lens, is equal to the radius or femi- diameter of the | 
{phere of the convexity of the lens. All the rays crofs the middle 
ray at C, and then diverge from it to the contrary fide, in the 
fame manner as they were before converged. 


If another lens, of the fame convexity, as AB, F ig. 6, Plate ie 
be placed in the rays, and at the fame diftance from the focus, 
it will refra€t them, fo that after going out of 1, they will all 
be parallel again, and go on in the fame manner as they came to 


the firft glafs AB, but on the contrary fides of the middle ray. 


The rays diverge from any radiant point, as from a eas 
focus: therefore, if a candle be placed at C, in the focus of the 
convex lens AB, Fig. 6; PlateI. the rays diverging from it will 

6 | be 
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be fo refraéted by the lens, that after going out of it, they will 
become parallel. If the candle be placed nearer the lens than it’s 
focal diftance, the rays will diverge more or lefs, as the candle is 
more or lefs diftant from the focus. 


If any object, AB, Fig. 7, Plate I. be placed beyond the focus 
of the convex lens E. F, fome of the rays which flow from every 
point of the obje&t, on the fide next the glafs, will fell upon it, 
and after paffing through it, they will be converged“into as many 
points on the oppofite fide of the glafs; for the rays ab, which 
flow from the point A, will converge into ab, and meet at C. 
The rays cd, flowing from the point G, ‘will be converged into: 
ed, and meet at g; and the rays which flow from B, will meet 
each other again at D; and fo of the rays which flow from any of 
the intermediate points: for there will be as many focal points 
formed, as there are radiant points m the objeét, and confe- 
quently they will paint on a fheet of paper, or any other light- 
coloured body, placed at D ge, an mverted image of the object. 
If the objeét is brought nearer the lens, the picture will be formed. 


- further off. If it be placed at the principal focus, the rays will 


go out parallel, and confequently form no pifture behind the 


glafs. 


The human eye is fo conftituted, that it can only have diflinét 
vifion, when the rays which fall on it. are parallel, or nearly fo; 
becaufe the retina, on which the image is painted, 1s placed in 
the focus of the cryftalline humor, which performs the office of 
a lens in collecting rays, and forming the image in the bottom 
of the eye, | : 


The 
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The picture, formed by a convex lens, is either larger or lels 
than the objeét, in proportion as it’s diftance from the lens is 
greater or lefs than it’s diftance from the objett. 


As an objeét becomes perceptible to us, by means of the image 
thereof which is formed on the retina, it will, therefore, be feen 
in that direction, in which the rays enter the eye to form the 
image, and will always be found in the line, in which the axis of 
a pencil of rays flowing from it enter the eye. We from hence 
acquire a habit of judging the object to be fituated in that line. 
Note; as the mind is unacquainted with the refraction the rays 
fuffer before they enter the eye, it judges them to be in the line 
produced back, in which the axis of a pencil of rays flowing from 
it is fituated, and not in that in which it was before the refraction. 


If the rays, therefore, that proceed from an object, are re-) 
fraGted and refle&ted feveral times before they enter the eye, 
and thefe refra€tions, or refleCtions, change confiderably the’ 
original dire€tion of the rays which proceed from the object ; it 
is clear, that it will not be feen in that line, which would come 
trait from it to the eye; but it will be feen in the direction of 
thofe rays which enter the eye, and form the image thereof on it. 


We perceive the prefence and figure of objets, by the im- 
prefiion each refpective image makes on the retina ; the mind, in 
confequence of thefe impreffions, forms conclufions concerning 
the fize, pofition, and motion of the objeét. It muft however be 
obferved, that thefe-conclufions are often rectified or changed. 
by the mind, in confequence of the effets of more habitual 1m- 
preffions. For example; there is a certain diftance, at which, 

in 
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in the general bufinefs of life, we are accuftomed to fee objets : 
now, though the meafure of the image of thefe objects changes 
confiderably when they move from, or approach nearer to us, yet 
we do not perceive that their fize is much altered: but beyond 
this diftance, we find the objeéts appear to be diminifhed, or in- 
creafed, in proportion as they are more or lef diftant from us. 


For inftance, if I place my eye fucceflively at two, at four, 
and at fix feet from the fame perfon, the dimenfions of the image 
on the retina will be nearly in the proportion of 1, of 4, of 
, and confequently they fhould appear to be diminifhed in 
the fame proportion ; but we do not perceive this diminution, 
becaufe the mind has re€tified the impreflion received on the 
retina. ‘To prove this, we need only confider, that if we {ee 
a perfon at 120 feet diftance, he will not appear fo ftrikingly _ 
Imall, as if the fame perfon fhould be viewed from the top of a © 
tower, or other building, 120 feet high, a fituation to which-we 


_-had not been accuftomed. 


From hence, alfo, it is clear, that when we place a glafs 
between the objeét and the eye, which from it’s figure changes 
the direftion of the rays of light from the objeét, this obje& 
ought not to be judged as if it were placed at the ordinary 
reach of the fight, in which cafe we judge of it’s fize more by 
habit than by the dimenfions of the images formed on the retina: 
but ic muft be eftimated by the fize of the image in the eye, 
or by the angle formed at the eye, by the two rays which 
come trom the extremity of the object. — | 
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If the image of an object, formed after refraCtion, is greater or 
lefs than the angle formed at the eye, by the rays proceeding 
from the extremities of the objeét itfelf, the objeét will appear 
alfo proportionably enlarged or dimimifhed ; fo that if the eye 
approaches to, or removes from, the laft image, the objeft wilk 
appear to increafe or diminifh, though the eye fhould in reality 
remove from it in one cafe, or approach towards it in the other ; 
becaufe the image takes place of the object, and is confidered 
imftead of it. ie 


The apparent diflance of an objeét from the eye, is not mealured | 
by the real diflance from the laft image; for, as the apparent 
diftance is eRtimated principally by the ideas we have of their fize, 1t 
follows, that when we fee objects, whofe images are increafed or 
diminifhed by refraGtion, we naturally judge them to be nearer 
or further from the eye, in proportion to the fize thereof, when 
compared to that with which we are acquainted. The apparent 
diflance of an object is confiderably affeéted by the brightnels, 
diftinétnefs, and magnitude thereof. Now as thefe circumftances. 
are, in a certain degree, altered by the refraGtion of the rays, in: 
their pafling through different mediums, they will alfo, in fome 
meature, affeé the eftimation of the apparent diftance. 


In the theory of vifion, it is neceflary to be cautious not to 
confound the organs of vifion with the being that perceives, or 
with the perceptive faculty. The eye is not that which fees, it 
_is only the organ by which we fee. “A man cannot fee the fatel- 
ites of Jupiter but by a telefeope. Does he conclude from this, 
that it is the telefcope that fees thofe ftars ? By no means; {uch a 


conclufion would be abfurd. It is no lefs abfurd to conclude, 
6 | ahs | | that 
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that it is the eye that fees. .The telefcope is an artificial organ 
o 


of fight, but it fees not. The eye is a natural organ of fight, by 


which we fee; but the natural organ fees as little as the artificial, 


Theveye is a machine, moft admirably contrived for refracting 
the rays of light, and forming a diftinét piéture of obje&ts upon 
the retina ; but it fees neither the obje& nor the picture. It can 
form.the pi€ture after it 1s taken out of the head, but no vifion 
enfues. Even when it is init’s proper place, and perfedly found, 
it is well known, that an obftru€tion in the optic nerve takes 


_ away vifion, though the eye has performed all that belongs to it.* 


For ufelefs was this textur’d + wonder made, 

Were nature, beauteous object! undilplayed ; 

Thofe both in vain, the object and the fight, 
-Wrapt from the radiance of revealing light ; 

As vain the bright illuminating beam, 

Unwatted by the medium’s airy ftream: 

Yet vain the textur’d eye, and object fair, 

The funny luftre, and continuous air ; 

Annull’d and blank this grand luftrious {cene, 

All, all it’s grace and lifelefs glories vain ; 

Till from th’ Erernau fprung this effluent foul, 


Form’d to infpeét, and comprehend the whole. t 


F 2 Or 
® Reid on the IntelleQual Powers of Man, p. a 


+ The eye. 
+ Brooke’s Univerfal Beauty, p. 88. 
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Or tHe SinGLE MICROSCOPE. 


The fingle microfcope renders minute objects: vifible, by means: 
of a fmall glafs globule, or convex lens, of a: fhort focus. Let 
EY, Fig. 11, Plate I. reprefent the eye; and OB, a {mall ob- 
je&t, fituated very near to it, confequently the angle of it’s, 
apparent magnitude very large. Let the convex lens RS be in- 
terpofed between. the eye and: the objett, fo- thatthe diftance: 
between it and the ebjeét may be equal to the focal length; and, 
the rays which diverge from the objeét, and pafs through the 
lens, will afterwards proceed, and confequently enter. the eye. 
parallel: after which, they will be converged, and: form an in- 
verted picture on the retina, and the objeét will be clearly feen ;: 
though, if removed to the diftance of fix inches, it’s {mallnefs. 
would render it invifible:. 


When.the lens is not. held‘ clofe to the eye, the objeét is fome- 
what more magnified; becaufe the pencils, which pals at a: 
- diffance from the center of the lens, are refraGted-inward. toward. 
the axis, and confequently feem. to come from points. more: 
remote from the center of the obje&t, as may be feen.in Fig. 12,. 
Plate I. where the pencils which proceed from O.and B are re~ 
fracted inwards, and feem to, come from the point i and m.. 


Fig. 8, Plate I. may, perhaps, give the reader a. fill’ clearer 
view, why a convex lens increafes the angle of vifion, Without 
alens, as FG, the eyeat A would fee the dart BC under the 
angle b Ac; but the: rays. B.F andC G from. the extremities of 
the dart in paffing through the lens,. are refraéted to the eye i 


the direGtions £ A and Ga, which caufés the dart to be feen under 
' the: 
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the much larger angle D A E (the fame as the angle fAg), And 
therefore, the dart B C will appear fo much magnified, as to ex- 
tend in length from D to E. 


The objeét, when thus feen diftinGtly; by means of the {mall 
lens, appears to be magnified nearly in the proportion which 
the focal diftance of the glafs bears to the diftance of the objects, 
when viewed by the naked eye. | 


To explain this further, place the eye clofe to the glafs, that 
as much of the objeft may be feen at one view as is poflible; 
then remove the objett to and fro, till it appears perfeétly 
diftinét, and well defined; now remove the lens, and fubftitute 
- in it’s place a thin plate, with a very {mall hole in it, and the 
object will appear as diftinét, and as much magnified, as with the 
lens, though not quite fo bright; and it appears as much more 
magnified in this cafe, than it does when viewed with the naked 
eye, as the diftance of the object from the hole, or lens, is lefs 
than the diftance at which it may be feen diftinétly with the naked. 


eyes. 


From hence we fée, that the whole effect of the lens is ta: 
render the objeét diftinét, which it does by aflifting the eye to 
increafe the refra€tion of the rays in each pencil; and that the 
apparent magnitude is entirely owing to the object being feen fa 
much nearer the-eye than it could.be viewed without it.. 


Single microfcopes magnify the diameter of the object, * as we 
lave already fhewn, in the proportion of the focal diftance (to the 
| : limits, 


* Cyclopedia art. microfcopes 
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limits of diftin@t vifion with the naked eye) to eight mches. For. 
example, if the femi-diameter of a lens, equally convex on both 
fides, be half an inch, which is alfo equal to it’s focal diftance, 
we fhall have as 3 is to 8, fois 1 to 16; that is, the diameter 
of the objeét in the proportion of fixteen to one. 2. As the 
diftance of eight inches is always the fame, it follows, that by 
how much the focal diflance is fmaller, there will be a greater 
difference between it. and the eight inches; and confequently, 
the diameter of the objeét will be fo much the more magnified, 
in proportion as the lenfes are fegments of fmaller {pheres. g. If 
the objeét be placed in the focus of a glafs globule or {phere, and 
the eye be behind it in thé focus, the objeét will be feen dittinct 
in an ereét fituation, and magnified as to it’s diameter, in the pro- 
portion of 2 of the diameter of the globule to eight inches ; 
thus fuppofe the diameter of the {phere to be z of an inch, 
then 2 of this will be equal to 4; confequently, the real 
diameter of the objeét to the apparent one, as # to 8, or as 
3 to 320, or as 1 to 160 nearly. 


Or tHe Douste on Compounp Microscope. 


In the compound microfcope, the image is viewed inftead of 
the object, which image is magnified by a fingle lens, as the ob- 
jet is in a fingle microfcope. It confifts of an object lens, LN, 
Fig. 5, Plate I. and an eye glafs FG. The objeét O B 1s placed 
a little farther from the lens than it’s principal focal diftance, fo 
that the pencils of rays proceeding from the different points of 
the objeét through the lens, may converge to their refpective 
foci, and form an inverted image of the objeét at PQ; which 
image is viewed by the eye through the eye glafs F G, which A 

| fe) 


& 
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fo placed, that the i image may be in it’s focus on one fide, and 
the eye at the fame diftance on the other. The rays of each pen- 
cil will be parallel, after pafling out of the glals, till they reach 
the eye at E, where they will begin to converge by the refractive 
powers of the humours; and after having crofied each other 
in the pupil, and pafled through the ebulfalUine: and vitreous 
humours, they will be colleéted in points on the retina, and form 
a large inverted image thereon. 


It will be eafy, from what has been already explained, to un- 
derfland the reafon of the magnifying power of a compound 
microfcope. The objec 1s magnified upon two accounts ; firlt, 
becaufe if we viewed the image with the naked eye, it would 
appear as much larger than the objeét, as the image is really 
larger than it, or as the diftance f R is greater than the diftance 
fb; and fecondly, becaufe this picture 1s again magnified by the 
eye ae upon the principle explained in the foregoing article 
on vilion, ‘abe fingle microfcopes. 


But it is to be noted, that the image formed in the focus of a 
lens, as is the cafe in the compound microfeope, differs from the 
real objet in a very effential particular; that is to fay, the light 
being emitted from the objeét in every direétion, renders it vifible 
to an eye placed in any pofition; but the pomts of the image 
formed by a lens, emitting no more than a {mall conical body of 
rays, which arrives from the glais, can be vifible only when the 


eye is fituate within it’s confine. Thus the pencil, which 
emanates from o in the obje&, and is converged by the lens to 


M, proceeds afterwards diverging towards H, and therefore, 


never arrives at the lens F G, nor enters the eye at E. But. the 
pencus. 


nye 


48 MrcroscopicaL Essays, 


pencils which proceed from the points o and b, will be received 
on the lens F G, and by it carried parallel to the eye; confe- 
quently, the correfpondent points of the image Q P will be 
vifible; and thofe which are fituate farther out towards H and I, 
will not be feen. This quantity of the image QP, or vifible area, 
is called the field of view. 


Hence it appears, that if the image be large, a very {mall 
part of it will be vifible; becaufe the pencils of rays will for the 
moft part fall without the eye glafs FG. And it is likewife plain, 
that a remedy which would caufe the pencils, which proceed 
from the extremes O and B of the objet, to arrive at the eye, 
will render a greater part of it vifible; or, in other words, enlarge 
the field of view. This is effe€ted by the interpofition of a broad | 
lens DE (Fig. 5,) of a proper curvature, at a fmall diftance from 
the focal image. For, by that means,-the pencil DM, which 
would otherwife have proceeded towards H, is refracted to the 
eye, as delineated in the figure, and the mind conceives from 
thence the exiftence of a radiant point at Q, from which the rays 
laft proceeded. In like manner, and by a parity of reafon, the 
other extreme of the image is feen at P, and the intermediate 
points are alfo rendered vifible. On thefe confiderations it 1s, 
that compound microfcopes are ufually made to confift of 
an object lens LN, by which the image is formed, enlarged, 
and inverted; an amplifying lens DE, by which the field of view 
is enlarged, and an eye glafs or lens, by means of which the eye 
is allowed to approach very near, and confequently to view the 
image under a very great angle of apparent magnitude. It is now 
cuftomary to combine two or more lenfes together at the eye 
glafs, in the manner of Euftachio Divini and M. Joblot; by 
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which means, the aberration of light from the figure is in fome 
meafure corrected, and the apparent field increafed, 


Or THE SOLAR MicrRoscopE. 


In this inftrument, the image of the objeét is thrown upon a 
{creen in a darkened room. It may be confidered under two 
diftinét heads ; aft, the mirror and lens, which are intended to 
reflect the light of the fun upon the objeét; and edly, that 
part which conftitutes the microfcope, or which produces the 
magnified cee of the objeft, Fig. 10, Plate I. Let NO repre- 
fent the fide of a darkened chamber, GH a fmall convex lens, 
fixed oppofite to a perforation in the fide NO, AB a plane 
mirror, or looking-glafs, placed without the room to refleét the 
folar rays onthe lens CD, by which they are counerecd and con- 
centrated on the object fixed at E F. 


2. The objet She thus illuminated, the ray which proceeds 
from E will be converged by the lens GH toa focus K, onthe 
{creen LM; and the ray which comes from F will be converged 
to I, and the intermediate points will be delineated between I and 


K; thus forming a picture, which will be as much larger than 


the objet, in proportion as the diftance of the {creen exceeds 
that of the image from the objett. 


From what has been faid, it appears plainly, the advantages we 
gain by microfcopes are derived, firft, from their magnifying 
power, by which the eye is enabled to view more diflinéily 
the parts of minute objets: fecondly, that by their afliftdince, 


more ight i is thrown into the pupil of the eye, than is done with: 
G aT ie out 
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out them. The advantages procured by the magnifying power, 
would be exceedingly circumicribed, if they were not accom- 
panied by the latter: for if the fame quantity of light is diffufed 
over a much larger furface, it’s force is proportionably diminifhed; 

and therefore the objett, though magnified, will be dark and 
-obf{cure. Thus, fuppofe the diameter of the object to be enlarged 
ten times, and confequently the furface one hundred times, yet, 
if the focal diftance of the glafs was eight inches, (provided this 
was poffible) and it’s diameter only about the fize of the pupil of 
the eye, the objeét would appear one hundred times more ob{cure 
when viewed through the glafs, than when it was feen by the 
naked eye; and this even on the fuppofition, that the glafs tranf- 

mitted all the light which fell upon it, which no glafs can do. 

But if the glafs was only four inches focal diftance, and it’s 
diameter remained as before, the inconvenience would be vaftly _ 
diminifhed ; becaufe the glafs could be placed twice as near the 
objeét as before, and would confequently receive four times as 
many rays as in the former cafe, and we {hould therefore fee it 
much brighter than before. By going on thus, diminifhing the 
focal diftance of the glals, and keeping it’s diameter as large as 
poffible, we {hall perceive the object proportionably magnified, 
_ and yet remain bright and diftin&t. ‘Though this is the cafe in 
theory, yet there is a limit in optical inftruments, which 1s foon 
arrived at, but which cannot be pafled. This arifes from the 


following circumftances. * 


i, The quantity of re loft in patnng through the glafs. 


2. The 


_ * Encyclopedia Br tannica, vol. vill. p. 5635. 
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2. ‘The diminution in the diameter of the glafs or lens itfelf, by 
which it receives only a {mall quantity of rays. 


3. The extreme fhortnefs of the focal diftance of great mag- 
nifiers, whereby the free accels of the light to the obje€t we with 
to view is impeded, and confequently the reflection of the light 
from it is weakened. 


4. The aberration of the rays, occafioned by their different 
refrangibility. MF 


-To make this ‘more clear, let us fuppofe a lens made of fuch 
dull kind of glafs, that it tranfmits only one half the light that 
falls upon it. It is evident, that fuppofing this lens to be of four 
inches focus, and to magnify the diameter of the objet twice, 
and it’s own breadth equal to that of the pupil of the eye, the 
objeét will be four times magnified in furface, but only half as 
bright as if it was feen by the naked eye at the ufual diftance; for 
the light which falls upon the eye from the objeét at eight inches 
diftance, and likewife the furface of the obje& in it’s natural fize, 
being both reprefented by 1, the furface of the magnified objec 
will be 4, and the light which makes it vifible only 2; becaufe 
though the glafs receives four times as much light as the naked 
eye does at the ufual diftance of diftinét vifion, yet one half is loft 
im pafling through the glafs. ‘The imconvenience, in this re{pect, 
can only be removed fo far as it is poflible to increafe the tranf- 
parency of the glafs, that 1t may tranfmit nearly all the rays 
which fall upon it; and how far this can be done, has not been 
yet afcertained, 


G ee The 
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The fecond obftacle to the perfeétion of microfcopic glafles, is 
the fmall fize of great magnifiers ; by which means, notwithftand- 
ing their near approach to the objeét, they receive a fimaller 
quantity of light than might be expetted. Thus, fuppofe a glafs of 
only one-tenth of an inch focal diftance, fuch a glafs would increafe 
the vifible diameter eighty times, and the furface 6400 times. If 
the breadth of the glafs could at the fame time be preferved as 
great as the pupil of the eye, which we fhall fuppofe one-tenth of 
an inch, the objeét would appear magnified 6400 times, and every 
part would beas bright as it appears to the naked eye. But if we 
fuppofe the lens to be only ¢s of an inch diameter, it will then 
only receive 4 of the light which would otherwife have fallen 
upon it; therefore, inftead of communicating to the magnified 
objeSt a quantity of light equal to 6400, it would communicate 
an illumination fuited only to 1600, and the magnified objeét 
would appear four times as dimas it does to the naked eye. This 
inconvenience can, however, be in a great degree removed, by 
throwing a much larger quantity of light on the objeét. Various 
methods of effeéting this purpofe will be pointed out in the 
courfe of the work. : 


The third obftacle arifes from the fhortnefs of the focal 
diftance in large magnifiers ; this inconvenience can, like the 
former, be remedied in fome degree by artificial means of accu- 
mulating light; but fill the eye is fo ftrained, as it muft be 
brought nearer the glafs than it can well bear, which in fome mea- 
fure fuperfedes the ufe of very deep lenfes, or fuch as are capable 
of magnifying beyond a certain degree. i 


The 
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The fourth obftacle which arifes from the different refrangi- 
bility of the rays of light, and which frequently caufes fuch 


deviations from truth in the appearance of things, that many have 


imagined themfelves to have made furprizing difcoveries, and have 
communicated them as fuch to the world; when, in faé&, they 
have been only optical deceptions, owing to the unequal refrac- 
tion of the rays. In telefcopes, this error has been happily 
corrected by Mr. Dollond’s valuable difcovery of achromatic 
glaffes ; but how far this invention is applicable to the mprove- 
ment of microfcopes, has not yet been afcertained; and indeed 
there is fome reafon for fuppofing, they cannot be fuccefsfully 
applied to them; fo that this obftacle remains yet to be remedied, 
before microfcopes can be faid to have received their ultimate 
degree of perfection. 


Or THE Macniryinc PowERs OF THE MIcROSCOPE. 


We have already treated of the apparent magnitude of objects, 
and {hewn that they are meafured by the angles under which they 
are feen, and that this angle is greater or imaller, according as 
the objeé&t is nearer to, or further from, the eye; and con- 
fequently, the lefs the diftance at which it can be viewed, the 
larger it will appear: but from the limits of natural vifion, the 
naked eye cannot diftinguifh an object that 1s very near to it; yet, 
when affifted by a convex lens, difting&t vifion is obtained, how- 
ever fhort the focus of the lens, and confequently, how near 
foever the objeét is to the eye; and the {horter the focus of 
the lens is, the greater will be the magnifying power thereof. 
From thefe confiderations, it will not be difficult to eftimate the 


magnifying power of any lens ufed as a fingle microfcope; for 
| this 
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this will be i the fame proportion that the limits of natural fight 
bear to the focus of the lens. If, for inflance, the convex lens is, 
of one inch focus, and the natural fight of eight inches, an ob- 
je&t feen through that lens will have it's diameter apparently 
increafed eight times; but as the objeét is increafed in every 
dire€tion, we muft {quare this apparent diameter, to know how 
much the objeét is really magnified; and thus multiplying 8 by 8, 
we find the fuperficies is magnified 64 times. 


From thefe principles, the following general rule for afcertain- 
ing the magnifying power of fingle lenfes, is deduced. Place a 
fall thin tranfparent objeét on the ftage of the microfcope, 
adjuft the lens till the object appears perfeétly diftinét, then mea- 
fure the diftance accurately between the lens and the objeé, 
reduce the meafure’thus found to the hundredths of an inch, and 
calculate how many times this meafure is contained in eight 
inches, firft reducing the eight inches into hundredths, which 
will give you the number of times the diameter of the object is 
magnified ; which number multiplied into itfelf, or fquared, 
gives the apparent fuperficial magnitude of the obje&. 


As only one fide of an objet can be viewed at a time, it is 
fufficient, in general, to know how much the furface thereof is 
magnified: but when it is neceflary to know how many minute 
objects are contained in a larger, as for inflance, how many given 
animalcula are contained in the bulk of a grain of fand, then we 
muft cube the firft number, by which means we fhall obtain the 
folidity or magnified bulk. 


g The 
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The foregoing rule has been alfo applied to eftimate the mag- 
_ nifying power of the compound microfcope. To this application, 
Mr. Magny, in the * Journal d'Economie pour les mois d’Aout 
1759, has made feveral objeétions: one or two of thefe-I fhall 
juft mention: the firft is the difficulty of afcertaining with accu- 
racy the precife focus of a {mall lens; the fecond is the want of a 
fixed or known meafure, with which to compare the focus when 
afcertained.. Thefe confiderations, though apparently trifling, 
will be found of importance in the calculations which are relative 
to deep magnifiers. ‘To this it may be further added, that the 
fame ftandard or fixed meafure cannot be aflumed for a fhort- 
fighted, that is, ufed for a well-conftituted eye. To obviate 
thefe difficulties, and fome errors in the methods which were 
recommended by Meffl. Baker and Needham, Mr. Magny offers 
the following 


PROPOSITION. 


All convex lenfes, of whatfoever focus, double the apparent 
_ diameter of an obje&, provided that the obje& is at the focus of 
the glais on one fide, and the eye is at the fame diftance, or on 
the focus of the glafs, at the oppofite fide. 7 


EXPERIMENT. 


Take a double convex lens, of ix or eight inches focus, and 
fix it asat A, Fig. 1, (Plate II. A,) into the piece A, which is fixed 
perpendicular to the rule F G, and may be flid along it by means 
of it’s focket: the rule is divided into inches and parts. Pafte a 


piece of white paper, two or three tenths of an inch broad, and 
6 three | 
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three inches long, on the board D; draw three lines with ink on 
this piece of paper, fo as to divide it into four equal parts, taking 
care that the middle of the paper correfponds with the center of 
the lens. There 1s alfo a {liding eye-piece, which is reprefented 
at €. 


Take this apparatus into the darkeft part of the room, but op- 
pofite to the window; direét the glafs towards any remarkable 
and diftant obje&t which is out of doors, and move the fliding 
piece B, until the image of the object on the paper is {harp and 
clear. The diftance between the face of the paper and the lens, 
(which is fhewn on the fide of the rule by the divifions thereon) 
is the focus of the glafs; now fet the eye-piece e E to the fame 
diftance on the otker fide of the glafs, then with one eye clofe to 
the fight at e, look at the magnified image of the lines, and 
with the other eye at the lines themfelves: the image, feen by 
means of the:glafs, and exprefled in the figure by the dotted 
lines, will be double the breadth of the fame objeét feen by the 
natural eye. This will be found to be true, whatfoever is the focus 
of the lens with which the experiment is made. 


This experiment is rendered more fimple to thofe who are-not 
-accuftomed to obferve with both eyes at the fame time, by 
making ufe of half a lens, and placing the diameter perpendicular 
to the rule, as they may then readily view the magnified image 
and real objeét with the fame glance of the eye, and thus com- 
pare them together with eafe and accuracy. 


‘Let the angle A FB, Fig.9, Plate Il. A, reprefent that which is 
formed at the naked eye, by the rays of light which pafs from the 
extremities 
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extremities of the obje@t, and unite at the eye in the point F. 
The angle DFE is formed of thetwo rays, which at firlt proceeded 
parallel to each other from the extremities of the object, but that 
were afterwards fo refracted, or bent, by pafling through the 
glafs, as to unite at it’s focal point F. -C O is equal to the focal 
diftance of the lens on the fide next the objeGt, C F equal thereto 
on the fide next the eye, F O the diftance of the eye. 


From the allowed principles of optics, it is evident, that the 
object would appear double the fize to the eye at C, that 1t would 
to the eye when placed at F; becaufe the diftance F O is double 
the diflance CO. We have only to prove then, that the angle 
ACB is equal to the angle IF K, in order to eftablifh the 
propolition. . | . 


The optical axis is perpendicular to the glafs and the furface of 
the objet. The rays AI, B K, which flow from the points A B, 
are parallel to each other, and perpendicular to the glafs, tll 
they arrive at it; they are then refra€ted, and proceed to F, 
where they form the triangle IF K, refling on the bafe 1K: now 
as CF is equal to CO, and IK is equal to AB, the two tri- 
angles ACB IFK are fimilar, and confequently the angle 
at Cis equal to the angle F. If the vilual rays are continued to 
the furface of the obje&, they will form the triangle DFE, 
equiangled to the triangle ABC; and therefore, as CO isto AB, 
fo is FD to DE; and confequently, the apparent diameter of . 
the object feen through the lens, is double the fize that it is when 
viewed by the naked eye. No notice is here taken of the double 
refraGtion of the rays, as it does not affett the demonitration. 


H If 
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If you advance towards M, half the focal diftance, the apparent 
diameter will be only increafed one-third. If, on the contrary,. 
the point of fight is lengthened to double the diftance of 11s. 
focus, then the magnihed diameter will appear to be three times 
that of the real objeét. Mr. Magny concludes. from henee, that 
there is an impropriety im eflimating the magnifying power of the: 
eye glafs of compound microfcopes, by. feeing how often it’s-focus. 
- is contained in. eight or ten inches ; and to obviate thefe defects, 
he recommends two methods to be uled, which reciprocally con- 
firm each other.. | 


The firft and moft fimple method to find how much any com- 
pound microfcope magnifies an objet, is the fame which 1s. 
defcribed by Dr. Hooke in his Micrographia, and is as follows: 
place an aceurate f{eale, which is divided into very minute parts. 
ofan inch, on the ftage of your microfcope; adjuft the micro-. 
fcope, till thefe divifions-appear diftin€& ; then obferve: with the 
other eye how many divifions of a rule, fimilarly divided and’ 
held at the flage, are included in one of the: magnified divifions::. 
for if one divifion, as feen with one eye through the microfcope, 
extends to thirty divifions on the rule, whichis feen by the naked’ 
eye, it is evident, that the diameter of the objeét 1s increafed or: 


magnified thirty times. 


For this purpofe, we often ufe a fmall black. ebony rule, (fee: 
Fig. 4, Plate II. A,) three or four tenths of an inch broad, and: 
about feven inches long; at each inch is fixed a piece of ivory, 
the firft inch is entirely of ivory, and fubdivided. into ten equal 


parts, 


2, A 
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2. A piece of glafs, Fig. 2, fixed in a brafs or ivory flicer; on 
vhe diameter of this are drawn two parallel lines, about three- 
tenths of an inchlong; each tenth being divided, one into three, 
the fecond into four, the third into five parts. To ufe this, place 
the glafs, Fig..2, on the middle of theftage, and the rule, Fig. 
on one fide, but parallel to it; then look into the microfcope 
with one eye, keeping the other opef, and obferve how many 
parts one-tenth of a line in the microfcope takes in upon the 
parts of the rule feen by the naked eye. For inftance, fuppofe 
with a fourth magnifier, that one-tenth of an inch magnified 
anfwers in length to forty tenths or parts on the rule, when feen 
by the naked eye, then this magnifier increafes the diameter of 
the object forty times. 


This mode of actual admeafurement is, without doubt, the 
moft fimple that canbe ufed; by it we comprehend, as it were, 
at one ‘glance, the different effets of combined, glafles; it faves 
the trouble, and avoids the ob{curity that attends the ufual modes 
of calculation; but many perfons find it exceedingly difficult. to 
adopt this method, becaufe they have not been accuftomed to 
obferve with:both eyes at-once. We fhall therefore proceed to 
defcribe another method, which-has not this inconvenience. 


‘Or THE NEEDLE MicrRoMeETeER. 


Fig. 8, Plate IL. A, ‘reprefents this micrometer. The firft of 
this kind was made by my father, and was deferibed by him in 
his Mictographia Mluftrata. It confifts of a ferew, which has 
fifty threads to an inch; this {crew carries an index, which points 
to the divifions:on a circular plate, which is fixed at right angles 

j He Ake to. 
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to the axis of the ferew. The revolutions of the ferew are 
counted on a fceale, which is an inch divided into fifty parts; the 
index to thefe divifions is, a flower de luce marked upon the 
flider, which carries the needle point acrofs the field of the micro- 
fcope. Every revolution of the micrometer ferew meafures 
part of an inch, which 1s again fubdivided by means of the 
divifions on the circular plate, as this is divided into twenty equal 
parts, over which the index paffes at every revolution of the 
{crew; by which means, we obtain with eafe the meafure of one 
thoufandth part of an inch: for 50, the number of threads on the 
ferew in one inch, being multiplied. by 20 the divifions on the 
circular plate, are equal to 1000; fo that each divifion on the cir- 
cular plate {hews, that the needle has either advanced or receded 
one thoufandth part of an inch. 


To place this micrometer on the body of the microfcope, open: 
the circular part F KH, Fig. 8, Plate IL. A, by taking out the 
{crew G, throw back the femicirele F K which moves upon a 
joint at K, then turn the fliding tube of the body of the micro- 
feope, fo that the {mall holes which are in both tubes may exactly. 
coincide, and let the needle g of the micrometer have a free: 
paflage through them; after this, fcrew it faft upon the body by: 
the {crew G.' . 


The needle will now traverfe the field of the microfcope, and 
meafure the length and breadth of the image of any obje&t that is: 
applied to it. But further afitance mutt be had, in order to, 
meafure the obje& itfelf, which is a fubjett of real importance ; 
for though we have afcertained the power of the microfcope, and 
know that it is fo many thoufand times, yet this will be of little 

4 affiflance: | 
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affiftance towards afcertaining an accurate idea of it’s real fize; 
for our ideas of bulk being formed by the comparilon of one ob- 
jeG with another, we can only judge of that of any particular 
body, by comparing it with another whofe fize is known: the 
fame thing is necellary, in order to form an eftimate by the 
microfeope ; therefore, to afcertain the real meafure of the ob- | 
ject, we muft make the point of the needle pals over the mage of 
a known part of an inch placed on the ftage, and write down the 
revolutions made by the fcrew, while the needle pafled over the 
image of this known meafure; by which means, we afcertain the 
number of revolutions on the ferew, which are adequate to a real 
and known meafure on the ftage. As it requires an attentive eye 


to watch the motion of the needle point, as it pafles over the 
image of a known part of an inch on the ftage, we ought not to 


truft to one fingle meafurement of the image, but ought to repeat 
+t at leaft fix times; then add the fix meafures thus obtained to- 
gether, and divide their fum by fix, or the number of trials ; the 


quotient will be the mean of all the trials. This refult is to be 


placed in a column of a table, next to that which contains the 


number of the ma gnifers. 


By the affiftance of the {e€toral feale, we obtain with eafe a 


fmall part of aninch. This fcale is fhewn at Fig. 5, 6, 7, Plate 


II. A, in which, the two lines ca cb, with the fide ab, form an. 
ifofceles triangle; each of the fides is two inches long, and the 
bafe one-tenth of an inch. The longer fides may be of any given: 
length, and the bafe fill only of one-tenth of an inch. The 
longer lines may be confidered as the line of lines upon a fetior 


‘opened to one-tenth of an inch. -Hence, whatever number of 
equal parts ca cb. are divided into, their tranfverfe meafure will: 


D be 
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be fuch a part of one-tenth, as is exprefled by their divifions, 
Thus, if it be divided mto ten equal parts, this will divide the 
inch into one hundred equal parts; the firft divifion next ¢ will 
be equal:to one hundredth part of an inch, becaufe it 1s the tenth 
part of one-tenth of ‘an inch. If thefe lines are divided into 
twenty equal parts, the ich will be by that means divided inte 
two hundred equal parts. Laftly, if ab ca are made three 
inches long, and divided into one hundred equal parts, we obtain 
- with eafe the one thoufandth part... The fcale is reprefented as. 
folid at Fig. 6, ‘but as perforated at Fig. 5 and 7; fo that the light 
paffes through the aperture, when the fectoral part is placed on 
the flage. 


To ule this fcale, firlt, fix the micrometer, Fig. 8, Plate IT. A, 
‘to the body of the microfcope; then fit the fectoral {cale, Fig. 7, 
in the ftage, and adjuft the microfcope to it’s proper focus or 
diftance from thedcale, which is to be moved till the bale appears 
in the middle of the field of view; then bring the needle point g, 
Fig. 8, (by turning the {crew L) to.touch one of the lines ca ex- 
aéily at the point anfwering to 20 on the fetoral feale. The 
index a of the micrometer, Fig. 8, is to be fet to the firft divifion, 
and that on the dialsplate to 20, which is both the beginning and 
end of it’s divifions: we are then prepared to find the magnifying 
‘power of every magnifier in the compound microfcope which we 
are ufing. 


Example; every thing bemg prepared agreeable to the fore- 
‘going directions, fuppofe you are defirous of afcertaming the 
magnifying power of the lens marked No. 4; turn the micrometer 
{crew,, until the point of the needle has pafled over the magnified 
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image of the tenth part of one inch; then the divifion, where the 
two indices remain, will {hew how many revolutions, and parts- 
of a revolution, the fcrew.has made, while the needle point 
traverfed the magnified image of the one-tenth of an inch ; fup- 
pole the refult to be twenty-fix. revolutions of the fcrew, and 
fourteen parts of another revolution, this is equal to 26 multi- 
plied by 20, added. to.14; that is, 534 thoufandth parts of am 
inch, 


The twenty-fix divifions found on the ftrait fcale of the 
micrometer, while the point of the needle pafled over the magni«. 
fied image: of one-tenth part of an inch, were multiplied by 20;. . 
becaufe the circular plate CD, Fig. 8, is divided into 20 equal 
parts. this produced 520; then adding the fourteen parts of the 
next revolution, we obtain the 534. thoufandth parts of an inch, 
er 5 tenths and 34 hundredth parts of another tenth, which 
is the meafure of the magnified image of one-tenth of an inch, 
at the aperture of the eye glaffes, or at their foet: Now. if we 
_ fuppofe the focus of the two eye glafles to be one inch,. the dou- 

ble thereof is two inches; or 1f we reckon in, the thoufandth 
part of an inch, we have two thoufand parts. for the diftance of 
the eye from the needle point of the micrometer. Again, if we 
take the diftance of the image from the object at the age at fix 
inches, or fix thoufandths, and add thereto two thouland, double. 
the diflance of the focus: of the eye glafs, we fhall have eight 
thoufand parts of an inch for the diltance of,the eye from the ob- 
ject; and-as from the propofition, page 55,. we gather that. the: 
-glafles double the image, we muft double-the number 594 ‘ound: 
upon the micrometer, which then makes 1068: then, by the 


following. analogy, we fhall obtain the number of times the 
* microfcope: 
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microfeope magnifies the diameter of the objeft; fay, as 240, 
the diftance of the eye from the image of the object, is to 800, 
the diftance of the eye from the objeét, fo is 1068, double. the 
meafure found on the micrometer, to 3563, or the number of 
times the microfcope magnifies the diameter of the obje&t. By 
working in this manner, the magnifying power of each lens ufed . 
with the compound microfcope, may be eafily found, though the 
refult will be different in different compound microfcopes, vary- 
ing according to. the combination of the lenfes, their diftance 
from the object and one another, &c. 


Having difcovered the, magnifying ‘power of the microfcope, 
with the different objeé lenfes that are ufed therewith, our next 
fubject is to find out the real fize of the objects them{elves, and 
their different parts; this is eafily effected, by finding how many 
revolutions of the micrometer-fcrew anfwer to a known meafure— 
on the feftoral {eale, or other ‘objeét placed on the flage ; from 
the number thus found, a table fhould be conftruéted, exprefling 
the value of the different revolutions of the micrometer with that 
objeét lens, by which the primary number was obtained. Similar 
tables muft be conftru&ted for each objet lens. Bya fet of tables 
of this kind, the obferver may readily find the meafure of any 
objeét he is examining; for he has only to make the needle point — 
traverfe over this objett, and obferve the number of revolutions 
the {crew has made in it’s paflage, and then look into his table 
for the real meafure which correfponds to this number of revolu- 
tions, which is the meafure required. 
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Caer i ePa, olin 


A DrscriIPTION OF THE MOST APPROVED Microscoprs, 


AND THE METHOD OF USING THEM, 


ay the preceding chapter I have endeavoured to give a com- 

prehenfive view of the theory of the microfcope, and the 

principles on which the wonderful effe&is of this inftrument de- 

pend. I fhall now proceed to defcribe the various inftruments 
themfelves, their apparatus, and the moft eafy and ready mode of 
applying them to ufe; feleéting for defcription thofe, that from 

fome peculiar advantage in their conftruction, or from the repu-_ 
tation of the authors who have recommended and uled them, are 

in moft general ufe. What is faid of thefe will, I hope, be 

fufficient to enable the reader to manage any other kind that may 

fall in his way. | | 


Description oF ADAMS'S IMPROVED AND UNIVERSAL 
LucERNAL Microscore, Fig. 1, Plate IU. 


This’ appar was originally thought of, and in part ex- 
- ecuted by ray fathér; I have, however, fo improved and altered 
it, both in conftruétion and form, as to render it altogether a 
different inftrument. ~The approbation it has received from the | 


molt experienced microfcopic obfervers, as well as the great» 
I demand 


‘ 
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demand I have had for them, has fully repaid my pains and ex- 
pences, in bringing it to it’s prefent {tate of perfeétion. 


As the far greater part of the objetts which furround us are 
opake, and very few are fuficiently tranfparent to be examined 
by the common microfcopes, an inftrument that could be readily 
applied to the examination of opake objets, has always been a 
defideratum. Even in the examination of tranfparent objects, 
many of the fine and more eurious portions are loft, and drowned 
as it were in the light which muft be tran{mitted through them ; 
while different parts of the fame object appear only as dark lines 
or fpots, becaufe they are fo opake, as not to permit any light to 
pafs through them. Thefe difficulties, as well as many more, 
are obviated in the lucernal microfcope; by which, opake ob- 
jects, of various fizes, may be feen with eafe and diftinétnefs ; 
the beautiful colours with which moft of them are adorned, are 
rendered more brilliant, without changing in the leaft the real 
tint of the colour. ‘The concave and convex parts of an object 
retain alfo their proper form. 


The facility with which all opake objeéts are applied to this 
inftrument, is another confiderable advantage, and almoft pecu- 
liar to itfelf; as the texture and configuration of the more tender 
parts are often hurt by previous preparation, every object may 
be examined by this inftrument, firft, as opake, and afterwards, 
if the texture will admit.of it, as tranfparent. 


The lucernal microfcope does not in the leaft fatigue the eye; 
the object appears like nature itfelf} giving eafe to the fight, and _ 
pleafure 
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pleafure to the mind: there is alfo, in the ufe of this infirument 
fy 4 i > 
no occafion to fhut that eye which is not dire€ted to the objeét 


A furtheradvantage peculiar to this microfcope is, that by it 
the outlines of every obje€t may be taken, even by thofe who are 
not accuftomed to draw ; while thofe who can draw well, will 
receive great affiftance, and execute their work with more accu- 
racy, and in lefs time than they would:otherwife Have been able 
to have performed it in. Moft of the defigns for this work were 
taken with the lucernal microfcope ; Prat [hope, the accuracy 
with which they are executed, will be deemed a fufficient 
teftimony in, favour of the inftrument. In this point of view, it 
will, I think, be found of great ule to the anatomitt, the botanift, 
the entomologift, &c, as it will enable them not only to’ invelti- 
gate the objeét, of their refearches, but to convey to others 

accurate delineations of the fubjeét they wilh to defcribe. 


By the addition of a tin lanthorn to this apparatus, tran{parent 
objects may be thrown. on a fcreen, and exhibited at one view to 
a Pee company, as by the folar microfcope. 


Tranfparent objects may be examined with this inftrument in 
three or four different modes; from a blaze of light almoft too 
great for the eye to bear, to that which is perfectly eafy to it. 


When this inftrument is fitted up in the bet way, we generally 
fenda {mall dou and fingle nO with it. 


Fig. 1, Plate Iieprefents the IMPROVED LUCERNAL MICRO- 


SCOPE, mounted to view opake objects 5 AB CDE is a large 
coy he Ie * “mahogany 


\ 
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mahogany pyramidical box, which forms the body of the micro- | 


{cope ; it is fupported firmly on the brafs pillar F G, by means of 

the focket H, and the curved piece IK. 
} , w 

LMNisa guide for the eye, in order to direét it in the axis of 

the lenfes; it confilts of two brafs tubes, one fliding within the 

other, and ayertical flat piece, at the top of which is the hole for 


c G . ee *e i 
thegeye; . Lhe outer tube is feen at MN, the vertical piece is. 


reprefented at LM.. The inner tube may be pulled out, or 
puthed in, to adjuft it to the focus of the glaffes. The vertical 
piece may be raifed or deprefled, that the hole, through which 
the objeGt is to be viewed, may coincide with the center of the 
field of view ; it is fixed by a milled ferew at M, which could not. 
be {hewn in this figure. | 


~ At Nis adove-tailed piece of brafs, made to receive the dove-tail 
at the end of the tubes MN, by which it is affixed to the wooden 
box ABCDE. Thetubes MN may be removed from this box 


occafionally, for the convenience of packing it up inalefs compals. ° 


OP a {mall tube which carries -the magnifiers. 


O one of the magnifiers; it is ferewed into the end of a tube, 
which flides within the tube P; the tube P may be unf{crewed. 


occafionally from the wooden body. 


ORSTVX a long fquare bar, which palles through the 
fockets Y Z, and carries the {tage or frame that holds the objects ;: 
this bar.may be moved backward or forward, in order to adjult it 


to the focus, by means of the pinion which is at a. 


be 


ee es re | 
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be is a handle furnifhed with an univerfal joint, for more con- 
veniently turning the pinion, When the handle is removed, the 
nut, Fig. 2, may be ufed in it’s flead. 


de isa brafs bar, to fupport the curved piece KI, and keep 
the body AB firm and fteady. 


fehi is the ftage for opake obje€ts; it fits upon the bar 
ORST by means of the focket h i, and is' brought nearer to, 
or removed further from, the magnifying lens, by turning the 
pinion.a: the objeéts are placed in the front fide of the flage, 
(which cannot be feen in this figure) between four {mall brals 
plates ; the edges of two of thefe are feen atk]. The two upper 
pieces of brafs are moveable; they are fixed to a plate, which is 
aéted on by a fpiral {pring, that prefles them down, and confines 
the flider with the objeéts; this plate, and the two upper pieces 
of brafs, are lifted up by the {mall nut m. 


At the lower part of the fage, there is a femicircular lump of 
glafs n, which is defigned to receive the light from the lamp,, 


_ Fig. 3, and to colleét and throw it on the concave murror O, 


from. whence it is to. be refleCted on the object. 


The upper part, fers,. of the opake flage takes out, that the 
ftage for tranfparent objeéts may be inferted in it’s place. 


Fig. 4, reprefents the {lage for tranfparent objecis; the two - 
legs, 5 and 6, fit into the top of the under part rs hi of the ftage 
for opake objeGis; 7 is the part which confines or holds the 


iliders, and through which they are to be moved ; 9 and 10 a 
| brafs: 
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brafs tube, which contains the lenfes for condenfing the light, and 
throwing it upon the object; there is a fecond tube within that, 
marked g and 10, which may be placed at different diftances 
from the object by the pin 11. 


Ff’ When this ftage is ufed as a fingle microfcope, without any 
reference to the lucernal, the magnifiers, or objet lenfes, are to 
be {crewed into the hole 12, and to-be adjufted to a proper focus 
by the nut 13. 


N.B. At the end AB of the wooden body, there is a flider, 
-which is reprefented as partly drawn out.at A; when quite taken 
out, three grooves. will be perceived, one of which contains a 
board that forms the end. of the box, the next contains a- frame 


with a-greyed glafs, the third,. or that fartheft from the end AB, 


‘two large convex Jenfes. 
Or THE Lamp. 


Fig. 9, reprefents one of ARGAND’s lamps, which are the moft 
fuitable for microfcopic purpoles, on account of the clearnefs, 
the intenfity, and the fteadinefs of the light. The following ac- 
count of the method of managing them, with other obfervations, 
is copied from an account given by Mr. Parker with thole he fells. 


The principle on which the lamp atts, confifts in difpofing 
the wick in thin parts, fo that the air may come into contaét with 
all the burning fuel, by which means, together with, an increafe 
of the current of air occafioned by rarefaction in thé glafs tube, 
the whole of the fuel is converted into flame. 


6 A ee 


re) AS. 
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The wicks are circular, and, the more readily to regulate the 
quantity of light, are fixed on a brals collar with a wire handle, 
by means of which they are raifed or deprefled at pleafure. 


_ To fix the wick on, a wood mandril is contrived, which is 
tapered at one end, and has a groove turned at the other. 


The wick has a felvage at one end, which is to be put foremoft 
on the mandril, and moved up to the groove; then putting the 
groove into the collar of the wick-holder, the wick is eafily 


- pufhed forward upon it. 


The wick-holder and wick being put quite down in their place, 
the fpare part of the wick fhould, while dry, be fet alight, and 
fuffered to burn to the edge of the tubes ; this will leave it more 


. even than by cutting, and, being black by burning, will be much 


eafier lighted: for this reafon, the black fhould never be quite cut 


off. 


The lamp fhould be flled an hour or two before it is wanted, 


that the cotton may imbibe the oil and draw the better. 


The lamps which have a refervoir and valve, need no other 
dire€tion for filling than to do it with a proper trimming pot, ’ 
carefully obferving when they are full; then pulling up the valve 
by the point, the refervoir, being turned with the other hand, 
may be replaced without {pilling a drop. 


Thofe lamps which fill in the front like a bird-fountain, mutt 
be reclined on the back to fill, and this fhould be done gently, 
that 
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that the oil in the burner may return into the body whem fo placed 
and filled; if, by being too full, any oil appears above the guard, 
only move the lamp a little, and the oil will difappear; the lamp 
may then be placed erect, and the oil will flow to it’s proper level. 


The oil muft be of the fpermaceti-kind, commonly called 
chamber oil, which may generally be diftinguifhed by it’s pale- 
nefs, tranfparency, and inoffenfive {cent ; all thofe oils which are 
ofa red and brown colour, and of an offenfive fcent, fhould be 
carefully avoided, as their glutinous parts clog the lamp, and, 
the impurities in fuch oil not bemg inflammable, will accumulate 
and remain in the form of a cruft on the wick. Seal oil is nearly 
as pale and fweet as chamber oil; but being of a heavy fluggifh 
quality, is not proper for lamps with fine wicks. ) 


Whenever bad oil has been ufed, on changing it, the wick mult 
alfo be changed, becaule, after having imbibed the coarfe par- 
ticles in it’s capillary tubes, it will not draw up the fine oul. 


- To obtain the greateft degree of light, the wick fhould be trim- 
med exattly even, the flame will then be completely equal. , 


There wil be a great advantage in keeping the lamp clean, 
efpecially the burner and air tubes ; the negleét of cleanlinefs in 
lamps is too common: a candleftick 1s generally cleaned every 
time it is ufed, fo fhould a lamp; andifa candleftick is not to be 
. objeéted to becaufe it does not give light after the candle is ex- 
haufted, fo a lamp fhould not be thought ill of, if it does not 
give light when it wants oil or cotton ; but this laft has often hap-_ 


pened, becaufe the deficiency is lefs vilib‘e. 
The 
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The glafs tubes are beft cleaned with a piece of wath leather. 


If a fountain-lamp is left partly filled with oil, it may be liable 
to overflow; this happens by the contraétion of the air when 
cold, and it’s expanfion by the warmth of a room, the rays of 
the fun, or the heat of the lamp when re-lighted: this accident 
may be effeCtually prevented by keeping the refervoir filled, the 
oil not being fubjeét to expanfion like air. On this account, thofe 
with a common relervoir are beft adapted for microfcopic pur- 


poles. 


To -EXAMINE OPAKE OBJECTS WITH THE LUCERNAL 
MICROSCOPE. 


The microfcope is reprefented as mounted, and entirely ready 
for this purpofe, in Fig. 1, Plate II. . 


To render the. ufe of this inftrument eafy, it is ufually packed 
with as many. of the parts together as poflible; it occupies on 
this account rather more room, but is much lefs embarrafling to 
the obferver, who has only three parts to put on after it is taken 
out of it’s box, namely, the guide for the eye, the ftage, and the 
tube with 1 it’s magnifier. 


But to be more:particular, take out the wooden flide A, then 
lift out the cover and the grey glafs from their refpeCtive grooves 
under the flide A. 


Put the end N of the guide for the eye L MN into it’s place, fo 
that it may ftand in the pofition which is reprefented in this figure, 
K Place 
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Place the focket, which is at the bottom of the opake ftage, 
on the bar Q X T, fo that the concave mirror o may be next the 
end D E:of the wooden body.) 7 os se 


Screw the tubes P O into the end DE. The magnifier you in- 
tend to ule is to be {crewed on the end o of. thele tubes. 


- The handle G b, or milled nut, E ig. 2, mutt be placed.on the 


{quare end of the pinion a. 


Place the lamp lighted before the glafs lump n, and the objeet 
you intend to examine between the {pring plates of the {tage, 
and the inftrument is ready for ufe. P 


SCL stP ea 


_ In all microfcopes, there are two circumftances which muft be 
particularly attended to; the modification of the light, or the 
proper quantity to illuminate the object ; fecondly, the adjuft- 


ment of the inftrument to the focus of the glaffes and the eye of _ 


the obferver. In the ufe of the lucernal microlcope there is’ 
third circumflance, which is, the regulation of the guide for the 
eye, each of which I fhall confider by itfelf. pera 


“4, To throw the light upon the objeét. ‘The flame of the lamp 
is to be placed rather below the center of the glafs lump n, and 


as near it as poflible; the concave mirror o mutt be fo inclined and 
turned, as to receive the light from the glafs lump, and reflect it 
thence upon the obje&t; the. belt fituation of the concave mirror, 
| | and 
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and the flame of the lamp, depends on a combination of circum- 
ftlances, which a little pra€tice will difcover, 


2. To regulate the guide for the eye, or to place the center of 
the eye-piece L, fo that it may coincide with the focal point of 
the lenfes, and the axis of vifion, Lengthen and fhorten the 
tubes M N by drawing out or pufhing in the inner tube, and 
raifing or depreffing the eye-piece ML, till you find the large 
lens (which is placed at the end AB of the wooden body) filled by 
an uniform field of light, without any prif{matic colours round the 
edge; for till this piece is properly fixed, the circle of light will 
be very {mall, and only occupy a part of the lens: the eye mutt 
be kept at the center of the eye-piece L, during the whole of the 
operation; which may be rendered fomewhat eafier to the obferver, 
on the firlt ufe of the inftrument, if he holds a piece of white 
paper parallel to the large lens, removing it from, or bringing it 
nearer to them, till he finds the place, where a lucid circle, which: 
he will perceive on the paper, is brighteft and moft diftin&t, then 
to fix the center of the eye-piece to coincide with that {pot; after 
-which a very {mall adjuftment will fet it perfettly right. 


~ 9. To adjuft the lenfes:to their focal diftance. This is effeCted 
by turning the pinion a, the eye being at the fame time at the eye- 
piece LL. I often place the’ grey glafs before the large Jlenfes, 
while Iam regulating the guide for the eye, and adjufling for 
the focal diftance. rE 


If the obferver, in the procefs of his examination of an. object, 
advances rapidly from a fhallow toa deep magnifier, he will fave 


himfelf fome labour by pulling out the internal tube at O, 
Kor The 
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The upper part f gers of the flage, is to be raifed or lowered 
occafionally, in order to make’ the center of the object coincide 
with the center of the lens at O. i 


To delineate objets, the grey glafs muft be placed before the 
large lenfes ; the pi¢iure of the object will be formed on this glals, 
and the outline may be accurately taken, by going over the 
pi€lure with a pencil. | 


The opake part may be ufed in the day-time without a lamp, 
provided the large lenles at AB are fereened from the light. 


\ - 
To use THE LuceRNAL MicROSCOPE IN THE EXAMINATION 
OF TRANSPARENT OBJECTS. 


The microfcope is to remain as before: the upper part fos of 
the opake ftage muft be removed, and the ftage for. tranfparent 
objets, reprefented at Fig. 4, put in it’s place; the end, Fig. 9 
and 10, to be next the lamp. . i 


Place the greyed glafs in it’s groove at the end AB, and the 
objects in the flider-holder at the front of the tage; then tran{mit 
as {trong a light as you are able on the objeét, which you will 
eafily do by raifing or lowering the lamp. i | 


The obje& will be beautifully depicted on the grey glafs: it 
muft be regulated to the focus of the magnifier, by turning the 
pinion a. 


The 
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The objeét may be viewed either with or without the guide for 
the eye; a fingle obferver will fee an obje€t to the greateft advan- 
tage by ufing this guide, which is to be adjulted as we have 
defcribed, page 75. If two or three wifh to examine the object 
at the fame time, the guide for the eye muft be laid afide. 


Take'the large lens out of the groove, and receive the image 
on the grey glafs; in this cafe, the guide for the eye is of no ule: 
if the grey glafs is taken away, the image of the object may be 
received on a paper {creen. 


Take out the grey glals, replace the large lenfes, and ufe the 
guide for the eye; attend to the foregoing direCtions, and adjuft 
the object to it’s proper focus. You will then fee the objef in a 
blaze of light almoft too great for the eye, a circumftance that 
will be found very ufefulin the examination of particular objets ; 
the edges of the objeét in this mode will be fomewhat coloured, 
but as it is only ufed in this full light for occafional purpofes, it 
has been thought better to leave ie {mall imperfeGtion, than by 
remedying it, to facrifice greater advantages; the more fo, as this 
fault is eafily correéted, and a new and interefting view of the 
object is obtained, by turning the inftrument out of the dire€t rays 
of light, and permitting them to pafs through only in an oblique 
dire€tion, by which the upper furface is in fome degree illumi- 
nated, and the objeét is {een partly as opake, partly as tranfparent. 
It has been already obferved, that the tranfparent objects might 
be placed between the flider-holders of the flage for opake ob- 
Lets; and then be examined as if opake.. 


\ 


Some 
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Some tran{parent objeéts appear to the greateft advantage when 
the lens at g and 10 is taken away; as, by giving too great a 
quantity of light, it renders the edges lefs fharp. 


The variety of views which may be taken of every objet, by 
means of the improved lucernal microfcope, will be found to’ be 
of great ufe to an accurate obferver: it will give him an oppor- 
tunity of corre€ting or confirming his difcoveries, and invefti- 
gating thofe parts in one mode, which are invifible in another. 


To THROW THE IMAGE OF TRANSPARENT OBJECTS ON A 
SCREEN, AS IN THE SOLAR MICROSCOPE. 


It has been long a microfcopical defideratum, to have an in- 
ftrument by which the image of tranfparent objeéts might be 
thrown on a fereen, as in the common folar microfcope; and 
this not only becaufe the fun is fo uncertain in this climate, and 
the ufe of the folar microfcope requires confinement in the fineft 
part of the day, when time feldom hangs heavy on the mind, but 
as it alfo affords an increafe of pleafure, by difplaying it’s wonders 
to feveral perfons at the fame inftant, without the leaft fatigue to 
the eye. 


This purpole is now effeGtually anfwered, by affixing the tranf- 
parent {tage of the lucernal to a lanthorn, with one of Argand’s ~ 
lamps.—The lamp is placed within the lanthorn, and the end 9, 
io of the tranfparent ftage is {crewed into a female {crew, which 
is rivetted in the fliding part of the front of the lanthorn; the 
magnifying lenfes are to be {crewed into the hole reprefented at 


12; they are adjufted by turning the milled nut. The quantity 
of 
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of light is to be regulated, by raifing and lowering the fliding- 
plate, or the lamp. N.B. This part, with it’s lanthorn and — 
lamp, may be had feparate from the lucernal microfcope. 


APPARATUS WHICH USUALLY ACCOMPANIES THE IMPROVED 
LucERNAL MICROSCOPE. 


The ftage for opake opie with it’s femicircular lump of 
glafs, and concave mirror. 


The ftage for tranfparent objects, which fits on the upper part 
of the foregoing ftage. ) 


The fliding tube, to which the magnifiers are to be affixed; 
one end of thefe is to be {crewed on the: end B of the wooden 
body; the magnifier in ufe is to be {crewed to the other end of the — 
inner tube. 


Eight magnifying lenfes; thefe are fo conftructed, that they 
may be combined together, and thus produce a very great variety 
of magnifying powers. 


A fifh-pan, fach as is reprefented at I, he IX, 

A fteel wire L, with a pair of nippers at one end. 

A {mall cylinder of tome at the other. 

A flider of brafs N, containing a flat glafs flider, and a brals 


{lider, into which are fitted fome fmall concave glafles. 
A pair 
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A pair of forceps. 


Six large ivory fliders, with tranfparent objeéts, and fix fimal] 
ditto with ditto. 


Fourteen wooden fliders, with four opake objets in each flider, 
and two {pare fliders. 


Some capillary tubes, for viewing {mall animalcula. 


The ufe and manner of ufing the articles of the apparatus will 
be more particularly explained when we defcribe the figures which 
are delineated in Plate IX. 


DescRiIpTION OF CurF’s DOUBLE-CONSTRUCTED MICROSCOPE, 
REPRESENTED AT Fig. 1, Plate VII. A. 


_ This inftrument was firft defcribed by Mr. Baker, and recom- 
mended by him. It was alfo defcribed by my father in the fourth 
edition of his Micrographia Iluftrata, page xix. 


ABC reprefents the body of this microfcope; it contains an 
eye-glafs at A, a broad lens at B, and a magnifier which is {crew- 
ed on at C. 


The body of the microfcope is fupported by the arm DE, 


from which it may be removed at pleafure. 


The arm DE is fixed on the fliding bar F, and may be raifed 
or deprefled to any height within it’s limits. ~ 
| The 
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The main pillar ab is fixed in the box be, and by means of 
the brafs foot d is {crewed to the mahogany pedeftal x Y, in which 
is a drawer containing all the apparatus. 


O, a milled-headed fcrew, to tighten the bar F when thé ad. 
jufting {crew c g is ufed. 


p q is the ftage, or plate, which carries the objects ; it has a_ 
hole at the center n, 


G aconcave mirror, that may be turned in any dire@ion, to 
reflect the light of the candle, or the {ky, upon the objeét. 


To use THis Microscope. 


- Screw the magnifier you intend to ufe to the end c of the 
_ body, place the flider-holder P in the hole n, and the flider with 
the object between the plates of the flider-holder; fet the upper 
edge of the bar DE to coincide with the divifions which corref- 
pond to the magnifier you have in ufe, and pinch the milled nut; 
now reflect a proper quantity of light upon the obje&t, by means 
of the concave mirror G, and regulate the body exatily to the 
eye and the focus of the glaffes, by the adjufting {crew c g. 


To view opake obje@s, take away the ilider-holder P, and 
place the obje& on a flat glafs under the center of the body, or 
on one end of the jointed nippers 0, ‘Then {crew the filver con- 
cave fpeculum to the end of the cylinder L, and {lide this cylin- 
der on the lower part of the body, fo that the upper edge thereof 


may coincide with the line which has the fame miark with the 
L magnifier 
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magnifier that is then ufed; reflett the heht from the concave 
mirror G to the filver foeculum, from which it will again be re- 
flected on the obje&t. The glaffes are to be adjulted to their 
focal. diflance as before direéted. 


A List oF THE APPARATUS OF Coens DOUBLE-CONSTRUCTED 
MiIcROSCOPE. 


H aconvex lens, to colle& the rays of light from the fun or a 
candle, and condenfe them on the object. 


Ii a cylindrical tube, open at each fide, with a concave {pecu- 
lum fcrewed to the lower end h. 


yy Bethe flider-holder ; it confifts of a cylindrical tube, in which 
an inner tube is forced upwards by a fpiral {pring, it is ufed to 
receive an ivory flider K, which is to be flid between the plates h 
andi. The cylinder P fits the hole n in the flage: the hollow 
part at k is defigned to receive a glafs tube N. 


R is a brafs cone, to be put under the bottom of the cylinder 
P, to intercept occafionally fome of the rays of light. 


S a box containing a concave and a flat glafs, between which a 
fmall living infe&t may be confined; it is to be placed over the 
hole n. 


T a flat glafs, to lay any occafional clo upon ; meee is alfo 
a concave one for fluids. 


Oa 
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O a long fteel wire, with a {mall pair of pliers at one end, and 
a point at the other, defigned to flick or hold objects ; it flips 
backwards and forwards in the {hort tube 0; the pin p fits inte 
the hole of the flage. 


W a little round ivory box, to hold a fupply of tale and rings 
for the fliders. | 


Z a hair brufh, to wipe any duft off the glafles, or to take up 
by the other end a.drop of any liquid. 


Va {mall ivory cylinder, that fits on the poimted end of the 
fteel wire O; it is defigned for opake objets. Light-coloured 
ones are to be ftuck upon the dark fide, and vice verfa. 


Y a common magnifying glafs, for any occafional purpofe. | 


Ma fifh-pan, whereon to faften a {mall filh, to view the cir- 
culation of the blood: the tail is to be {pread acrofs the oblong 
hole at the {mall end, and tied faft, by means of a nbband fixed 
thereto; the knob | is to be fhoved through the flit made in the 
flage, that the tail may be brought under the magnifier. 


Tue DescriPTION AND Use of ADAMS'S IMPROVED DOUBLE 
AND SINGLE MicroscoPE, REPRESENTED Fig. 1, Plate IV. 


Tt is the compound microfcope, which is at prefent in molt 
general ufe. The improvements, though few in number, are 
effential to the ufe thereof. The field of view is confiderably 
larger than in the former microfeope. The ftage and the mirrors 

L 2 | are 
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are both moveable, fo that their refpettive diftances may be eafily’ 
varied, There is alfo a condenfing glafs to the flage, for in- 
creafing the denfity of the light, when it is reflected by the mirror 
- froma candle or lamp. It is furnifhed with two mirrors, one 
plane, and the other concave, and may he ufed as a fingle 
microfcope. 


AB, Fig. 1, Plate IV. reprefents the body of the microfcope, 
containing a double eye glafs, and a body glafs; it is here fhewn 
as {crewed to the arm CD, from whence it may be occafionally 
removed, either for the convenience of packing, or when the 
inftrument is to be ufed as a fingle microfcope. 


The eye glafles and the body glafles are contained in a tube 
which fits into the exterior tube AB; by pulling out a little this 
tube, when the microfcope is in ule, the magnifying power of each 
lens is increafed. 


The body AB of the microfcope is fupported by the arm CD, 
this arm is fixed to the main pillar CF, which is {crewed firmly to 
the mahogany pedeftal GH; there is a drawer to this pedeftal, 
which holds the apparatus. | 


NIS is the plate or ftage which carries the flider-holder K L, 
this flage is moved up or down the pillar CF, by turnmg the 
milled nut M; this nut is fixed toa pinion, that works in a 
toothed rack cut on one fide of the pillar. By means of this 
pinion, the flage may be gradually raifed or deprefied, and the 
objett adjufted to the focus of the different lenfes. 


KL 
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K L is the flider-holder, which fits into a hole that is in the 
middle of the ftage NIS; it is ufed to confine and euide either 
the motion of the fliders which contain the objects, or the glafs 
tubes that are defigned to confine {mall fifhes, for viewing the cir- 
culation of the blood. The fliders are to be pafled between the 
two upper plates, the tubes through the bent plates. 


L is a brafs tube, to the upper part of which is fixed the con- 
denfing lens before fpoken of; 1t fits into the under part of the 
flider-holder NEE and may be fet at different diftances from the 


‘objeét, according to it’s diftance from the mirror or the candle. 


This tube is feen further drawn out in Fig. 2, Plate IV. 


O is the frame which holds the two refle€ting mirrors, one of 
whieh is plane, the other concave. Thefe mirrors may be moved 
in various direCtions, in order to reflect the light properly, by 
means of the pivots on which they move, in the femicircle O 
SR, and the motion of the femicircle itfelf on the pin S; the 
concave mirror generally anfwers beft in the day-time; the plane 
mirror combines better with the condenfing lens, and a lamp a 


eandle. At D there is a focket for receiving the pin of the arm 


O, Plate IX. to which the concave ibe for refleéting light 
on opake objetts, is fixed. 


At S is a hole and flit for receiving either the nippers L, Plate 
IX. or the fifh-pan I; when thefe are ufed, the flider-holder mut 


be removed. 


T, ahole to receive the pin of the convex Jens M, Plate IX. 


To 


—_ 


ay 
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To USE THE IMPROVED DousLe Microscopr, 


Take the microfcope out of the box. Screw the body into the 
round end of the upper part of the arm C D. 


Place the brafs fliders, which contain the magnifiers, into the 
dove-tailed {lit which is on the under fide of the aforefaid arm, as 
feen at E, Fig. 1, Plate IV. and {lice it forwards, until the mag- 
nifier you mean to ufe is under the center of the body: oppolite 
to each magnifier in this {lide there is a notch, and in the dove- 
tailed part of the arm C D there is a fpring, which falls into the | 
above-mentioned notch, and thus makes each magnifier coincide” 
with the center of the body. 


Pafs the ivory flider you intend to ufe between the upper 
plates of the flider-holder K L, and then reflect as {trong a hight 
as you can on the objett, by means of one of the mirrors ; after 
this, adjuft the objeét to the focus of the magnifier and your eye, 
by turning the milled {crew M; the motion of this raifes and 
deprefles the flage NIS. The degree of light neceflary for each 
objeét, and the accuracy required inthe adjuftment of the lens 
to their proper focal diftance from the objeét, will be eafily 

-attained by a little prattice. 


When opake objets are to be examined, remove the flider- 
holder, and place the objeét on a flat glafs, or fix it to the nippers 

L, Plate IX. the pin of thefe fit into the hole on the ilage ; 
_H {crew the concave {peculum # Plate IX, into the arm Q, Plate 
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IX. and then pals the-pin of this arm through the focket D, Fig, 1, 
Pl. IV. the light is now to be refleGied from the concave mirror to 
the filver fpeculum, and from this down on the object. No exa& 
rule can be given for refleéting the hight on the object; we mutt 
therefore refer the reader to the mother of all aptnefs, practice. 
The fpeculum muft be moved lower or higher, to fuit the focus 
of the different magnifiers, and the nature of the objeét. 


The preceding dire€tions apply equally to the ufing of this in- 
ftrument as A SINGLE MICROSCOPE, with this difference only, 
that the body AB is then removed, and the eye is applied to the 


upper furface of the arm C D, exaétly over the magnifiers. 


A List oF ie APPARATUS OF THE IMPROVED COMPOUND . 
MICROSCOPE. 

The ae with the magnifiers. 
The body of the microfcope. 
The Gider alder 
The tube, with the condenfing lens. 
The pin and arm for the filver fpeculum. 
The filver Ricoulern 


A brafs box for the filver fpeculum, 


A brafs. 
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A brafs cone to place under the {lider-holder. 

The jointed nippers. 
A cylinder of ivory, to fix on the pointed end of the nippers, 
Six ivory fliders, five of which are filled with objetts. 

A magnifier for the hand. 

A fifh pan. 

A round brafs box, with glafs ends, for confining living objeéts. 
An ivory box, to hold {pare rings.and talc for the fliders. 

A round flat glafs, fitted to the hole in the ee. 

A boncaye ditto. 


A flider of brafs, containing a flat glafs flider, and a brals flider, 
into which are fitted {mall concave glafles, 


Some glafs tubes. 
A {mall pair of forceps. 
A flip or two of flat glafs. 


A {mall brufh, or hair pencil. 
| The 
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The ufe of each article of the apparatus, and the method of ~ 
applying it to ufe, will be defcribed in the latter end of this 


chapter. 


. 
OF THE IMPROVED ComrounpD MicroscopPr, REPRESENTED 
AT Fig. 2, Plate IV. | 


The advantages of this over the preceding compound micro- 
Icope, confifts, firft, in the motion which may be given to the 
body; the flage, and the mirrors, by means of the joint cd, 
which has both.a vertical and horizontal motion; fo that the 
microfcope may be placed either in an horizontal or inclined 
fituation, and thus be adapted to the eafe of the obferver, and 
be ufed when he is fitting down. If the mirror QOR is 
taken off, the light will be conveyed in a direét line to 
the object, without any refleGtion. Secondly, that the body may 
be moved over any part of the flage, and thus over the object. 
The arm which carries the body, moves to the right or left on a 
central pin, and may alfo be moved backwards or forwards by the 
milled nut b. Thirdly, the concave and flat mirrors are much 
Jarger than thofe of Fig.1. In every other refpeét, the micro- 
{cope is fimilar to the foregoing, and may be managed by tie 
defcription thereof; for which purpofe, fimilar letters are affixed 
to the fame parts. ; 


A DescRiPTION OF CULPEPER’S, OR THE THREE-PILLARED 
_Microscopz, Fig. 3, Plate IV. 


This inflrument is recommended by it’s fimplicity and cheap- 
nels; it is eafily managed, and gives a pleafing view of an ob- 
M. | ject. 


= 
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ject. It is true, it is precluded by it's form from fome of the 


advantages of the two foregoing inftruments, becaufe both the 


{lage and the mirror are confined. 


This microfcope confifts of a large exterior body AB CD, 
fupported on three {mall fcroles, which are, fixed to the flage 
EF; the flage is fupported by three larger {croles, that are 
fcrewed to the mahogany pedeftal GH. There is a drawer in 
the pedeftal which holds the apparatus. The concave mirror is 
fitted to a focket in the center of the pedeftal. The lower part 
L MCD of the body forms an exterior tube, into which the up- 
per part of the body ABLM flides, and may be moved up or 
down, fo as to bring the magnifiers, which are {crewed on at N, 
nearer to, or further from che object. 


To use Cutpeper’ss Microscope. 


Screw one of the buttons which contains a magnifying lens, to 
the end N.of the body; place the flider, with the objects, be- 
tween the plates of the flider-holder. Then, to attain diftinét 

-vifion, and a pleafing view of the obje€t, adjuft the body to the 
focus of the lens you are ufing, by moving the upper part gently 
up and down, and regulate the light by the concave mirror. 


For opake objects, two additional pieces muft be ufed; the firft 


ds, a cylindrical tube of brafs, reprefented at X, Plate IX. which . 


fits on the cylindrical part at N of the body; the fecond piece is 
the concave fpeculum H, Plate IX. this is to be {crewed to the 
lower end of the aforefaid tube: the upper edge of this tube 
fhould be made to coincide with. the line, whitch has the fame 
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number seen to it, as to the magnifier you are ufing; ex. or, 
if you are making ufe of the a ieuiien marked 5, {lide the tube 
to the circular line on the tube N, that is marked alfo with 


No. 5. 


The flider-holder fhould be removed when you are going to 
view opake objets, anda plane glafs fhould be placed on the 
ftage in it’s {tead to receive the objeét; or it may be placed in 


_ the nippers L, Plate IX. the pin of which fits into the hole in 


the ftage. 
A List oF THE APPARATUS TO CULPEPER’s MICROSCopr. 


Five magnifiers, each fitted in a brafs button; one of thefe is 
feen at B, Plate 1X. 


‘Six ivory fliders, five of them with objects. 
A brafs tube X, Plate IX. to hold the concave heeata 
The concave pestle in a brafs box, 

A Bibi in: 

Ab fei ofialeke autcs, 

A flat glals fitted to the ftage. 

A concave glafs fitted to the flage. 


Me | : A pair 
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A pair of forceps. 


A fteet wire, with a pair of nippers at one end, and a point at 
the other.. 


A {mall ivory cylinder, to fit on the pointed end of the afore- 
faid nippers.. . 


A convex lens, moveable in a brafs femicircle; this 1s afixed'to: 
a long brafs pin, which fits into a hole on the flage: 


If the reader wants a more particular defcription of any of the: 
articles of this apparatus, he will find it at the latter end of this; 
chapter. 


A DescripTioN OF THE IMPROVED. Sotar Microscops,. 
WHICH 18 CONSTRUCTED TO EXHIBIT "FRANSPARENT ‘AND; 
OpAKE Osyects, Fig. 1, Plate V. 

The folar microfcope is generally fuppofed to afford the mol 
entertainment, on account of the wonderful extent of it’s: magni- 
fying power, and the eafe with which feveral perfons may view: 
each fingle objeét at the fame time. The ufé of it was; however, 
confined for many years only to tranfparent objeéts. About the. 
year 1774, Mr. B. Martin fo far improved:this inftrument, as to. 
render it applicable to opake, as well as to tranfparent objects, 
exhibiting the magnified image ofeither kind ‘on a large. fereen.. 
Speaking of it himfelf, he fays, “ With this inftrument all opake~ 
objetis, whether of the animal, vegetable, or mineral kingdom, 
may be exhibited in great perfeétion, in all their native beauty ;- 

| the- 
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the lights and fhades, the prominencies and cavities, and all the 
varieties of different hues, tints, and colours, heightened by the 
refleGion of the folar rays condenfed upon them.” Tranfparent 
objets are alfo {hewn with greater perfeCtion than in the common 
-folar microfcope. ii 


Fig. ty Plate V. reprefents the folar opake microfcope; 
mounted for exhibiting opake objeéts. 


Fig: 2, is the fingle tooth and pinion microfcope, which is 
ufled for fhewing tranfparent objects ; the cylindrical tube Y there- 
of being made to fit into the tube F E, Fig. 1. 


Fig. 9, the flider which contains the magnifiers; it fits into a 
dove-tail which is at the upper part of the microfcope, Fig. 2. — 


ABCDEE, Fig. 1, reprefents the body of the folar micro- 
{cope; one part thereof, ABCD, is conical, the other, CD EF 
is cylindrical. ‘The cylindrical part receives the tube G of the 
opake box, or the tube Y of the fingle microfcope, Fig. 2. 


At the-large- end’ A B of the conical’ part, there is a lens to re- 
aeive the rays from the mirror, and refract them towards the box. 


HIKE. 


N O P's a brafs frame, which is fixed to the moveable circular 
plate abc; in this frame there is a plane mirror, ‘to refleét. the 
folar rays on the afore-mentioned lens. 


This mirror may be moved’ into tlie moft convenient pofition 
for refleGting the light, by means of the nuts QO and R. 
| By. 
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By the nut Q it may be moved from eaft to weft; it may be 
elevated or depreffed by the nut R. 


de, two (crews to faften the microfeope to a window-fhutter. 


The box for opake objects is reprefented at HIK L; it con- 
taitis a plane mirror M, for reflecting the light that it receives 
from the large lens to the objeét, and thereby illuminating it; S 
is a {crew to adjuft this mirror, or place it at a proper angle rie 


reflecting the ee 


V X two tubes of brafs, one fliding within the other, the exte- 
rior one in the box HIK L; thefe carry the magnifying lenfes : 
the interior tube is fometimes taken out, and the exterior one is 
then ufed by itfelf. Part of this tube may be feen in the plate 
within the box HIKL. 


_ At H there is a brafs plate, the back part of which is fixed to 
the hollow tube h, in which there is a {piral wire, which keeps 
the plate always bearing againft the fide H of the brafs box HI 
KL. The fliders, an the opake objects, pafs between this 
plate and the fide of the box; to put them there, the plate is to 
be drawn back by means of the nut g. 


1k, a door to one fide of the opake box. 


The foregoing pieces conftitute the feveral parts necellary for 
viewing opake objeéts. I fhall now proceed to defcribe the fingle 
microfcope, which is ufed for tranfparent objects: but in order 
to examine thele, the box HIK L mutt be firft removed, and in | 

Its 
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it’s place we mufl infert the tube Y of the fingle microfcope that 
we are now going to defcribe. © 7 


Fig. 2, Plate V. reprefents a large tooth and pinion micro- 
{cope; at m, within the body of this microfcope, are two thin 
plates, that are to be feparated, in order to let the ivory {liders 
pafs between them ; they are prefied together by a {piral {pring, 
which bears up the under plate, and forces it againlt the upper 
one. | 


The flider, Fig. 9, that contains the magnifiers, fits into the 
hole n; any of the magnifiers may be placed before the objed, 
by moving the aforefaid flider: when the magnifier 1s at the cen- 
ter of the hole P,’a fmall fpring falls into one of the notches 
which is on the fide of the flider, Fig. 3. 


Under the plate m are placed two lenfes, for enlarging the field 
of view on the fereen: the fmaller of the two is fixed ona piece 


of brafs, and is nearefi the plate m ; this is to be taken out, when 


the magnifiers, No. 4, 5, or 6, are uled, or when the megalafcope 
lens, Fig. 4, is ufed; but is to be replaced for No. 1, 2, 3. 


This microfeope is adjuited to the focus, by turning the milled 
nut O. | 


To usE FHE SOLAR MicROScoPE. 


Makea round hole in the window-fhutter, a little. larger than 
the circle abc; pafs the mirror C NP through this hole, and 
apply the fquare plate to the fhutter; then mark with a pencil 

| the 
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the places which correfpond to the two holes through which the 
Icrew is to pals; take away the microfcope, and bore two holes 
at the marked places, fufficiently large to let the milled fcrews 
pals through them. 


Thefe {crews are to pafs from the outfide of the fhutter, to go 
through it, and being then {crewed into their refpeCtive holes in 
the season plate, fier will, when fcrewed home, hold it faft 
again{t the infide of the {hutter, and thus fupport the microfcope. 

Screw the conical tube ABCD to the circle abc, and then 
flide the tube G of the opake box into the cylindrical part C D | 
EF of the body, if opake objects are to be examined ; but if they 
be tranfparent obje@ts you mean to fhew, then place ihe tube Y 


within the tube CDEF.. 


The room is to be darkened as much as poffible, that no light 
may enter but what pafles through the body of the microfcope ; 
for, on this circumftance, together with the brightnels of the fun- 
fhine, the perfection and diftinétnefs of the image in a great mea- 


fure depend. 


I fhall firft confider the microfcope as going TO BE USED FOR 
OPAKE oBjecTS. 1. Adjuft the mirror N O P, fo as to receive the 
folar rays, by means of the two finger {crews or nuts, Q, R; the 
firft, Q, turns the mirror to the right or left; the fenontl R, raifes 
or depreffes it: this you are to do till you have reflected the fun’s 
light through the lens at AB, ftrongly upon afereen of white pa- 
per, placed-at fome difance from the window, and formed thereon 


a round {pot of light. An unexperienced obferver will find it more 
conve- 
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convenient to obtain the light, by forming this {pot before he puts 
on either the opake box, or the tooth and pinien microfcope. 


« Now put in the opake box, and place the objeft between the 
plates at H; open the door ik, and adjuft the mirror M, tll you 
have illuminated the obje& firongly. If you cannot effect this by 
the {crew S, you muft move the {crews Q, R, in order to get the 
light refleéted ftrongly from the mirror NOP, onthe mirror M, 
without which the latter cannct ilkuminate the object. 


The objeét being ftrongly illuminated, {hut the door ik, and 
a diltinG view of the objef will foon be obtained on your {creen, 
by adjufting the tubes V X, which is effected by moving thena 
backwards or forwards. 

A round {pot of light cannot always be procured in northern 
latitudes, the altitude of the fun being often too low; neithercan 
it be obtained when tke fun is directly perpendicular to the front 
of the roem. 


As the fun is contirtually changing it’s place, it willbe neceflary, 
in order to keep his rays full upon the objeét, to keep them con- 
tinually direéted through the. AXIS: of the inftrument, by the two 
fcrews Q and R. 


To view tranfparent objeéts, remove the opake box, and infert 
the tube Y of Fig. 2, Plate V. in it’s place; put the flider, Fig. 9, 
Plate V. into it’s place at n, and the flider, with the objetis be- 
tween the plates, at m; then adjuft the mirror NOP, as before 
dire@ed, by the ferews Q,R, fo that the light may pafs throngh 

We \ N the 
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the objeét; regulate the focus of the magnifier by the {crew O: 
The moft pleafing magnifiers in ufe are the fourth and fifth. 


The fize of the obje€t may be increafed or diminifhed, by 
altering the diftance of the fcreen from the BE erekcone five or fix 
_ feet is a convenient diftance. . 7 


To EXAMINE TRANSPARENT OBJECTS OF A LARGER SIZE, 

or to render the inftrument what is ufually called a megalafcope, 
take out the flider, Fig. 3, from it’s place at n, and {crew the but- 
ton, Fig. 4, into the hole at P, Fig. 2, and remove the glafs 
which is under the plate at m, and regulate the light and focus. . 
agreeable to the foregoing direétions. 


N.B. At the end of the tube G there is ie. for increafing 
the denfity of the rays, for the purpofe of burning or melting any 
combuftible or fufible fubftance; this lens muft be removed in 
moft cafes, left the objeéts fhould be burnt.. The intenfity of the 
light is alfo varied by moving this tube backwards Or forwards. 

APPARATUS OF THE OPAKE SOLAR MICROSCOPE. 

The large fquare plate and mirror. 

The body of the microfcope. 

The opake box and it’s tube. +) 


The tooth and pinion microfcope. 
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The flider with the magnifiers. 
- The megalalcope magnifier. | 
The two {crews Q and R. 
Some ivory fliders. | 
Some fliders with Ske objelis, 
A brafs frame, with a bottom of foft deal to flick any obje€ ae 
A brafs cylinder K, Plate IX. for confining opake objects. 


DeEscRIPTION OF THE COMMON SOLAR Microscope, 
_ Fig. 4, Plate VI. | 


The foregoing defcription will, in a great part, anfwer for this 
microfcope; and I once intended to have made only fome general 
references to the former, in order to avoid that prolixity which 
mutt ever attend the detail of defcription : but when I confidered, 
that one of thefe inftraments might be purchafed by thofe who 
would probably never fee the other; and that a {mall difference 
in conftru€tion would embarrafs the young practitioner, it ap- 
peared to me more eligible to give a defcription of the common 
folar at full length, than to curtail it through an affectation of 


_ brevity. 


This inftrament is reprefented in Plate VI. at the Figures 4, 
BO; “Foes | 3 


N 2 AB 
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ABCD, Fig. 4, reprefents the body of the’ microfcope, con-- 
fifting of two brafs tubes. EF is the top of the inner moveable: 
tube ; the end e f of the fingle tooth and pinion microfcope, Fig. 
5, {crews into the top of this inner tube; at the end AB of the 

external tube there is a lens, to receive the light of the fun from, 
the mirror K L, and to colleét and: condenfe it on. the obje&t; the: 
end A B {crews into the eircular plate G H I. 


KL, a long frame fixed to the moveable circular plate; m 
this frame there is a plane mirror to reflect the rays of the- 
fun on the lens at A.B.. 


Anendlefs worm or fcrew, which is cut on the lower part of 
the nut M, works in a fmall wheel which is fixed to the frame: 
KL, fo that by turning the nut, the frame K L 1s moved up or 
down: the nut N moves the mirror to the right or left. | 


O,.P, two fcrews to. faften. the {quare plate to the window- 
{hutter. 


Fig. 5,. the fingle microfcope ; ef the end which [crews on to: 
the upper part E of the internal. tube of the body; q the dove- 
tailed {lit for recelving the flider, Fig. 8. 


g, the hole in which the megalafcope magnifier, Fig. 6, 1s to 
be ferewed, when the flider, Fig. 8, is removed, 


At h are the moveable plates, between which the {liders are: 
placed ;- under the lewermoft of thefe the lens reprefented at Eig. 


j no ae 
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is to be placed, when the magnifiers, No, 1,2, 3, and 4, are to 
be ufed. 


e k is a fmall piece of rack work, which is moved backwards 
and forwards by the pinion that is fixed to the lower end of the 
milled nut b: by the gradual motion. of this rack, the objects are 
adjulted to the foci of the different lenfes. | 


_ Eig. 8 is a brafs flider, with four or fix lenfes or magnifying 
glafles; it is to be inferted into the hole at q; either of the mag- 
nifiers may be placed before the objeét, by fliding it. one way. or 
the other: you may perceive when the glafs is in the center of 
the eye: hole by a fmall {pring falling into a notch which is made 
on the fide of the flider oppofite to each lens.. 


To uszE THE SOLAR. MICROSCOPE. 


Faften the {quare plate againft the infide of a window-{hutter,. 
by the two'fcrews O,P, which.are to-go from the outfide of. the 
window-fhutter through it, and then be {crewed into their 
refpective holes in the {quare plates GH ‘The mirror is te-be 
on the outfide of the fhutter, pafling through a. hole made for- 


that purpole. 


Darken the room; then place a {creen:at a convenient diftance 

from the window, the farther it is from it the larger is the image: 

- now move the mirror KL by the two nuts M, N, till the fun’s 
rays come through the inftrument. in an horizontal direétion to | 

the {creen, forming a round {pot thereon; fcrew the microfcope, 
Big. 5, into it’s place EF; put theflider, with the lens, Fig. 8, 
: : in 
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in W's proper fituation, and the objeét {lider between the plates at 
h; adjuft the obje& to the focus of the magnifying lens by the 
{crew b, till the object appears diflin&t and clear on the fcreen, 
By moving the internal tube of the body, the obje€t may be 


placed at different diftances from the lens which is fixed at AB, 


fo as to be fufficiently illuminated, and oe not {corched by the 
folar rays. 


APPARATUS BELONGING TO THE COMMON SOLAR MICROSCOPE. 


_ Square plate and mirror. 

The body, confifling of two tubes, one within the othtr. 
~ The fate icolope e | 

The mealies Fig 6. 

The flider, Fig. 8, with fix lenfes. 

The two {crews O, P 

Six ivory fliders anda tale box. 

Some glafs tubes. 

A flider, or brafs cafe, containing a plane piece of glafs, and a 


brafs {lider with holes, into which are cemented {mall concave 
glafies, defigned for confining {mall infe€ts between the plane and 
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concave glafs, which are thus preferved from being crufhed, and 
prevented from wandering out of the field of view. 


Tue Screw BARREL, OR | WILSON’S SINGLE PocKkET 
Microscope, Fig. 1 and 2, Plate H. B. 


This microfcope of E Mr. Wilfon’s is an invention of many years 
flanding, and was in fome meatfure laid afide, till Dr, Hicberkuhn 
introduced the folar apparatus, to which he applied it, there 
being no other inftrument at that time which would anfwer his 
purpofe fo well; fince which time it has been revived, and much 
efteemed, though very troublefome in many cafes. 


The body of the: microfcope is reprefented by AB, Fig. 1, 


and is mace either of filver, brafs, or ivory. 


C C is a long fine-threaded male ferew that turns into the 
body of the Caiau 


D, a convex glafs at the end of ithe faid fcrew, on which may 


. be placed, as oceafion requires, one of the two concave pieces of 


thin brafs, with holes of different diameters j in the center of them, 
to cover the faid glafs, and thereby diminifh the aperture when 
the ae ereatch magnifiers are ufed. 


E, three fie plates of brafs ae the body of the microfcope, 
one whereof is bent femicircularly i in the middle, fo as to form 
an arched cavity for the reception of a tube of glafs... 


ue 
99 
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.F, apiece of wood or brafs, arched in the manner of ‘the faid 
plate, and fattened thereto. 


G, the other end of the micrefcope, where a hollow female 
{crew is adapted to receive the different magnifiers. 


H,.a fpiral fpring of fleel between the faid end G and the 
plates of brafs E, intended to keep the plates in a due pofition, 
and.counteraét againft the long {crew C. 


I, a {mall turned ‘handle, for the better holding the inftrument, 
which {crews on and off at pleafure. 


To this microfcope belong feven different magnifying glafles, 
fix of which are fet either in filver, brafs, or ivory, as in the 
figure K, and are marked 1, 2, 3, 4, 5, 6: obferve, the lowelft 
numbers are the greateft magnifiers. L is the feventh magnifier, 
fet inthe manner of alittle barrel, to be held in the hand for 
viewing any larger object. 


M isa flat flip of ivory, called a flider, with four round holes 
through it, wherein to place objeéts between two mufcovy tales. 


Six fuch ivory fliders, and one of brafs, are ufually fold with — 
this microfcope, fome-with objects placed in them, and others 
empty, for viewing any thing that may offer; but whoever pleafes 
to make a large colleCtion of objects, may have as many as he 
defires. There is alfo a brafs flider, not exprefled mn, the figure,- 
ro confine any {mall objeét, that it may be viewed without :crufh- 
ing or deftroying it. 


Nis 
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Nisa pair of forceps, or pliers, for the taking up of inion or 
other objects, and adjufting them in the glaffes. 


O, a little hair brufh or pencil, wherewith to take up and 
examine a {mall drop of liquid. 


Pis a tube of glafs to confine living objeéts, fuch as frogs, 
fifhes, &c. in order to difcover the circulation of the blood. 


When you would view an objeét, thruft the ivory flider, in 
which the faid object is placed, between the two flat brafs plates, 
oblerving always to put that fide of the flider where the brafs 
rings are fartheft from the eye; then {crew in the magnifying 
glais you intend to ufe at the end of the inftrument G, and look- 
ing through it againft the light, turn the long ferew CC till your 
object is brought to the true focal diftance, which you will know 
by it’s appearing perfeétly clear and diftin@. | 


The way of examining any objeét accurately, is to look at it, 
firft, through a magnifier that will fhew the whole at once, 
and afterwards to infpett the feveral parts more particularly with 
one of the greateft magnifiers ; for thus you will gain a true idea 
of the whole, and all it’s parts: and though the greateft magni- 
fiers can fhew but a minute portion of any objeét at once, fuch 
as the claw of a flea, the horn of a loufe, or the like, yet by 
gently moving the {lider that contains your objeét, the eye will 
gradually fee the whole, and if any part fhould be out of the 
focal diftance, the ferew C C will eafily bring it to the true focus. 


Oi As 
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As obje&ts muft be brought very near the glaffes when the 
ereatelt magnifiers are ufed, be particularly careful not to feratch 
them, by rubbing the {lider again{t them as you move it in or 
out. A few turns of the ferew CC will eafily prevent this mif- 
chief, by giving it room enough. . | 


DESCRIPTION OF A SCROLE FOR FIXING Wirson’s POCKET 
Microscope, “AND- REFLECTING LIGHT TO IT BY. A 
Mirror. 


ABC, Fig. 2, is a brafs {crole, which, for the better conve- 
niency of carriage, is fo ordered as to take into three parts, and 
put into the drawer upon which it flands, with it’s refle@ting mur- 
ror and Wilfon’s pocket microfcope. 


The top part of the fcrole is taken off at B, by unfcrewing half 
a turn of the ferew; then lift it up, and it comes out of the 
focket. The lower part unfcrews at C, and the bafe unfcrews 
atl: 


The mirror lifts out at F, which, with the ferole, lie in one 
partition of the box. | 


To apply this ferole to ufe, fix the body of the microfcope to 
__the top thereof by the {crew A, as in Fig. 2, by {crewing it in 
“ the fame hole as the ivory handle. 


The brafs or ivory flider being fixed as before defcribed, and 
the microfcope placed in a perpendicular pofition, move the re- 
fleGing glafs D in fuch a manner as to caft the light of the fky, 
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the fun, or a candle, direétly upwards through the microfcope ; | 
by which means it is made to anfwer moft of the ends of a double 
reflecting microfcope. 


It is alfo rendered more ufeful for viewing opake objects by 
{crewing the arm OR, Fig. 1, into the body of the micro{cope at 
G ; then {crewing into the round hole R that magnifier which you 
think will beft fuit your objet, and putting the concave fpeculum 
S, on to the outfide of the rng R, you will find in the body of the 
microfcope, between the wood or brafs F, and the end of the 
male fcrew C C, a {mall hole u, through which flides the long 
wire T, which has a point at one end and forceps at the Baier, 
that may be ufed occafionally, as your objeét requires: when you 
have fixed this, and your object on it, turn the arm R, which is 
performed by two motions, till the magnifier is brought over the 
objett; 1t may be then adjulted to the true focus, by turning the 
male {crew C C in-the aie manner as before defcribed. | It muft 

alfo be turned exactly over the {fpeculum, by twilling the upper 
part of the f{crole to one fide, till your obje€t and the two fpecu- 
lums are in one line, as will be found by trial; and then fix it by 
the {crew B, at which time the upper furface of the obje€t will be 
fo exceedingly enlightened by the light refle&ed upward from 
the mirror to the concave fpeculum, as to be feen as clear and 


diftinét as any tranf{parent one. 


\ 


DESCRIPTION OF A SMALL Microscope FOR OPAKE OBJECTS, 
Fig. 9 and 4, Plate II. B. 


A, Fig. 4, is a fixed arm, through which pafles a {crew B, 
ithe other end whereof is faftened to the’moveable arm C. ) : 
Oo | D is 
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D is a ‘nut fitted to the faid {[crew, which, when turned, will 
either feparate or bring together the two arms AC. 


E is a fteel fpring, that feparates the two fides when the nut 
is unfcrewed. 


F, a piece of brafs turning round in a focket, whence proceeds 
a f{pringing tube, moving on a’ rivet, through which runs a fteel 
wire, one end of which finifhes in a point G, and the other end 
hath a pair of pliers H foldered to it; thefe are either to thruft 
into, or to take up and hold any object, and may be turned 
round as required. 


I, a ring of brafs, with a female {crew fixed on an upright 
piece of the fame metal, which turns on a rivet, that it may be 
fet at a due diftance when the leaft magnifiers are ufed, and 
ferves the fcrews of all the magnifiers. , 


K,, a concave fpeculum of filver, polifhed as bright as poflible, 
inthe center of which a double convex lens is placed, with a 
proper aperture to look through it. On the back of this {pecu- 
lum a male {crew L is made to fit the brafs ring I, which may be 
{crewed into the {aid ring at pleafure. 


Four of thefe concave fpecula, of different depths, are fitted to 
four glafles of different magnifying powers, to be ufed as the ob- 
jeéts to be examined may require. The greatelt magnifiers have 
the Jeaft apertures. 


M, a 
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_..M, a round objeét plate, one fide white, and the other black, 
intended to render objets the more vifible, by placing them, if 
black, upon the white, and if white, on the black fide, 


A fteel {pring N turns down on each fide, to inate any object 
faft: from the obje€t plate there is a hollow pipe, to {crew jit on 
the needle’s point G. : 


O, a {mall box of brafs, with a glafs on each fide, contrived 
to confine any living object in order to examine it; this alfo has 
a pipe to {crew upon the end-of the needle at G. 


P, aturned handle of ivory, to {crew into the inftrument when — 
it is made ufe of. 


Q, a pair of pliers to take up any objeét, or meee it with 
convenienty. ° 


R, a foft hair brufh, to clean the glafles or {pecula. 


When you would view any objeét, fcrew the fpeculum, with 
the magnifier you intend to ule, into the brafs ring I; place your 
objeét either on the needle G, in the pliers H, on the obje@ 
plate M, or in the brafs hollow box O, as may be moft conve- 
nient, according to the nature and condition of it; then holding 
up your inflrument by the handle P, look againft the light ' 
through the magnifying lens, and by means of the nut D, toge- 
ther with the motion of the needle, by managing it’s lower end, 
the obje€t may be turned about, raifed or deprefled, brought 
nearer the glafs, or put farther from it, till you hit the true focal 

| _diftance, 
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diftance, and the light be feen refle€ted from the fpeculum 
ftrongly upon the obje&t, by which means it will appear very 
diftinét and clear. 


/ 


Or Extis’s SiInGLE OR Aquatic’ Microscopg, Plate VII. B, 


This inftrument takes it’s name from Mr. John Ellis, author of 
« An Effay towards a Natural Hiftory of Corallines,” and of the 
« Natural Hiftory of many curious and uncommon Zoophytes.” 
This was the inftrument that he made ule of, and by which he 
was enabled to explain many fingularities in the ceeconomy and 
conftruétion of thefe wonderful produétions of nature. To the 
practical’ botanift this inflrument is recommended, by the 
refpeCtable authority of Mr. Curtis, author of the Flora Londi- 
nenfis, a work which does credit to the author and the nation. 
This microfcope is fimple im it’s conftruétion, eafy in it’s ufe, and 
very portable; thefe advantages, as well as fome others which it 
alfo has over every other portable microfcope, have accelerated 
the fale thereof, and caufed it to be very much adopted. 


DESCRIPTION OF THE VARIOUS PARTS OF THE MICROSCOPE, 


_K, the box which contains the whole apparatus; it is gene- 
rally made of fifh-kin; on the top of the box there is a female 
fcrew, for receiving the {crew which is at the bottom of the pillar 
A, a pillar of brafs which is {crewed on the top of the box K. 


D, a brafs pin which hts mto the pillar; on the top of this pin 
is a hollow focket to receive the arm which carries the magnifiers ; 
} the 


{ 
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the pin is to be moved up and down, in order to adjuft the lenfes 
to their focal or proper diftanee from the objeét. 


N.B. In the reprefentation of this mierofcope, Plate VII. B. 
Fig. 1, the pin D is delineated as pafling ‘through a focket at 
one fide of the pillar A; whereas it is ufual at prefent to make it 
pals down a hole bored through the middle of the pillar. 


E, the bar which carries the magnifying lens; it fits into the 
focket X which is at the top of the pillar D. This arm may be 
moved backwards and forwards in the focket X, and fideways by 
the pin D, fo that the magnifier, which is {crewed into the ring 
at the end E of this bar, may be eafily made to traverfe over any 
part of the objeét that lays on the flage or plate B. 


EF is‘a polifhed filver fpeculum, with a magnifying lens, 
placed at the’center thereof, which is perforated for this purpofe. 
The filver fpeculum {crews into the arm E as at F. 


G, another fpeculum, with it’s lens, which is of a different 
magnifying power from the former. ir 


H, the femicircle which fupports the eprer I; the pm R, 
_affixed to the femicircle H, pafles through the hole which is to- 
wards the bottom of the pillar A. 


B, the ftage, or, the plane, on which the objetis are to be 
placed; it fits into the fmall dove-tailed arm which is at the 
upper end of the pillar D A. 
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C, a plane glafs, with a fmall piece of black filk fuck on it; 
this glafs is to lay in.a groove made in the flage B. | 


M, a hollow glafs, to be laid occafionally on the ftage inflead 


of the plane glafs C. 


L, a pair of nippers. Thefe are fixed to the flage by the pin 


R;; the fteel wire of thefe nippers flides backwards and forwards ~ 


in the focket, and this focket is moveable upwards and down- 


wards by means of the joint, fo that the pofition of the obje& * 


may be varied at pleafure. The object may be fixed in the nip- 
pers, ftuck on the point, or affixed re a little gum water, &c. 
‘to the ivory cylinder N. 

O, a {mall pair of forceps to take up {mall objects. 

P, a brufh to clean the glafles. 


To use Extis’s Microscope. 


Take all the parts of the apparatus out aa the box; then be- 


gin by ferewing the pillar A to the cover thereof; pafs the pin — 


R of the femicircle which carries the mirror through the hole 
that is near the bottom of the pillar A ; pufh the ftage into the 
_ dove-tail at B, flide the pin into the pillar, (fee the N. B. above) 


then pafs the bar E through the focket which is at the top « of the - 


pin D, and ferew one of the magnifying lenfes into the ring at F. 
The microfcope is now ready for ufe; and. though the enumera- 
tion -of the articles may lead the reader to imagine the inflrument 
to be of a connie nature, we can fafely affirm, that he will find 
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it otherwile. The inftrument has this peculiar advantage, that 
it is difficult to put any of the pieces in a place which is appro- 
priated to another. 


Let the object be now placed either on the ftage or in the nip. 
pers L, and in fuch manner, that it may be as nearly as poflible 
over the center of the {tage : bring the {peculum F over the part 
you mean to obferve; then throw as much light on the {peculum 
as you can, by means of the mirror IL, and the double motion 
of which it is capable ; the light received on the fpeculum is re- 
fle&ted by it on the objet. The diftance of the lens F from the 
objeé&t is regulated by moving the pin D up and down, until 
a diftiné&t view of it is obtaimed. The rule which I obferve 
is, to place the lens beyond it’s focal diftance from the object, 
and then gradually flide it down, till the object appears fharp and 
well defined. The adjultment of the ienfes to their focus, and 
the diftribution of the light on the object, are what require the 
moft attention ; on the firft the diftinCinels of the vifion depends ; 
the pleafure arifing from a clear view of the parts under oblerva- 
tion, is due to the seerinCanon of the light. No precife rule can 
be given for attaining accurately thefe points; it 1s from praftice 
alone that ready habits of obtaining theie neceflary properties can 
be acquired; with the alliftance of this no difficulty will be 
found. 7 


Thefe microfcopes are fometimes fitted up with a toothed rack 
and pinion, for the r more Te adjuftment of the glafles to their 


proper focus, 


P DESCRIP- 
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Description or Lyonrr’s AnaromicaL Microscope, 
Fig. 3, Plate VI. 


Fig. 3 reprefents the inftrument with which M. Lyonet made 
his microf{copical and wonderful difleGtion of the chenille de faule, 
of which a fpecimen is given in Plate XIL Fig. 1, &c. of this work. 
This little inftrument needs no further recommendation ; aided 
by it, other obfervers may be enabled to difle&t other infe&ts with 
the fame accuracy as M. Lyonet, and thus advance the know- 
ledge of comparative anatomy, by which alone the charatteriftic, 
nature, and rank of animals, can be truly afcertained. 


A B is the anatomical table, which is fupported by the pillar 
N O;; this is {crewed on the foot CC D. The table AB is pre- 
vented from turning round, by means of two fteady pins ; in this 
table or board there is a hole G, which is exattly over the center 
of the mirror EF, that is to refleét the light on the objett; the 
hole G is defigned to receive a flat or concave glafs, on which the 
objeéts are to be placed that you defign to examine. ) 


R XZ is an arm formed of feveral balls and fockets, by which 
means it may be moved in every poffible fituation; it is fixed to 
the board by means of the fcrew H; the laftarm I Z has a female 
fcrew, into which a magnifier may be ferewed as at Z. By 
means of the ferew H, a {mall motion may be occafionally given 
to the asm IZ, for adjufting the lens with accuracy to it’s focal 
diftance from the object. 


Another chain of balls is fometimes ufed, carrying a lens to 


throw light upon the objeét; the mirror is alfo fo mounted, as to 
be 
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be taken from it’s place at K, and fitted on a clamp, by which it 
may be fixed to any part of the table A B. 


To use THE Dissecrinc TABLE. 


Let the operator fet with his left fide near a lisht window ; the 
inf{trument being placed'on.a firm table, the fide DH towards the 
ftomach, the obfervations {hould be made with the left eye ; this 
pofition is well adapted for obferving drawing or writing. In 
diffecting, the two elbows are to be fupported by the table on 
which the inftrument refts, the hands refling again{t the board 
AB; in order to give it greater ftability, (as a fimall fhake, 
though imperceptible to the naked eye, is very vifible in the 
microfcope) the difle€ting inftruments are to be held one in each 
hand, between the thumb and two fore-fingers. Other circum- 
{tances will be learnt from practice; and more will be faid on the » 
mode of diflecting fmall objects in the following chapter. | 


DescripTION OF Dr. WirHeERING’s BoranicaL Microscope, 
Fig. 1, Plate VI. 


This little inftrument is reprefented at Fig. 1, Plate VI. It con- 
fifts of three brafs plates, A; B, C, which are parallel to each 
other; the wires Dand E are rivetted into the upper and lower 
plate, which are by this means united to each other ; the middle 
plate or ftage 1s moveable on the aforefaid wires, by two little 
fockets which are fixed to it. 


P 2 The 
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The two upper plates each contain a magnifying Jens, but of 
different powers: one of thefe confines and keeps in their places 
the fine point F, the forceps G, and the {mall knife H. 


To ufe this inftrument, unferew the upper lens, and take out 
the point, the knife, and the forceps; then {crew the lens on 
again, place the objeCt on the ftage, and then move it up or 
down till you have gained a diftinét view of the objeét, as one 
lens is made of a fhorter focus than the other; and fpare lenfes, 
of a ftill deeper focus, may be had if required. This little micro- 
{cope is the invention of Dr. Withering, and is defcribed by him 
in his “ Botanical Arrangements.” It’s principal, merit is. it’s 
fimplicity. 


Common Boranicant Microscorgr. - 


This little inftrument is reprefented at Fig.2, Plate VI. It 
appears to me preferable to Dr. Withering’s, being equally 
fimple, more extenfive in it’s application, and the ftage un- 
incumbered; though that of M. Lyonet feems better adapted 
than either to the purpofes of difleétion. 


AB, a fmall arm, carrying the two magnifiers, one fixed to 
the upper part as at B, the other to the lower part of the arm at 
“C; thefe may be ufed feparately or combined together. The 
arm A B is fupported by the {quare pillar 1K, the lower end of 
which fits into the focket E of the foot FG; the flage DL is 
made to flide up and down the fquare pillar; H, a concave mir- 
ror for refle€ting light on the objeét. | 


ues 
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To ufe this microfcope, place the object on the flage, reflect 
the light on it from the concave mirror, and regulate it to the 
focus, by moving the fiage nearer to or further from the lens at 
B. The ivory iliders pafs through the ftage; other objects may. 
be fixed in the nippers LM, and then brought under the eye- 
glafles ; or they may be laid on one of the elaffes which fit the 
flage.. ? 


The apparatus to this mftrument confifts of three ivory fliders, 
a pair of nippers, a pair of forceps, a flat glafs, and a concave. 
ditto, both fitted to the ftage. 


BoranicaL MacnrrigRs 


Since botany has been cultivated with fo much ardor, it has 
been found neceflary to contrive fome very portable inftrument, 
by which the botanift might inveftigate the obje& of his purfuits, 


as it rilés before him. Figures 7 and.8, Plate VIII. reprefent 
two, the moft convenient of this kind. 


In the cafe; F ig. 8, are three lenfes, ¢, 4, 2, of different mag= 
nifying powers, ‘that all turn up and {hut into the cafe. 


- Fig. 7 contains alfo three lenfés, a, , da; of different foci, which 
are all made to turn into the cafe, and may be ufed combined or 
feparately, 


The three lenfes in themfelves afford three different magnify- 
ing powers; by combining two and two we make three more; 
the three together make a feventh magnifying power with three 

lenfes, 
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lenfes. When the three lenfes are ufed together, it is beft to turn 
them into the cafe, and look through the hole, as this combined 
magnifying power is fo great, that it requires to have a portion 


of the light which falls on the lenfes excluded, in order to attain. - 


-diftinét vifion. Further, the eye is alfo by-this means made to 
coincide more eafily with the axis of the glafles. 


DESCRIPTION OF A PORTABLE MicroscOPE AND TELESCOPE, 
Fig. 2, 25) 39 43 5s © Plate. VIII. 


The telefcope is one of thofe which are compofed of. feveral 
fliding drawers or tubes, for the convenience of being put in the 
pocket; the fliding tubes are made of thin brafs, the outfide tube 
of mahogany. ° 


The fliding tubes are contrived to flop when drawn out to a 
proper length, fo that by applying one hand to the outfide tube, 
and the other hand to the end of the fmalleft tube, the telefcope 
may be at one pull drawn out it’s whole length ; then any of the 
tubes (that next the eye is molt generally’ ufed) may be pufhed in 
gradually while you are looking through, till the object is ren- 
dered diftinét to the fight. | 


_ To make the tubes {lide properly,’ they all pafs through fhort 
fprings or tubes; thefe {prings may be unfcrewed from the ends 
of the fliding tubes by means of the milled edges which projet 
above the tubes, and the tubes taken from each ae if required, 
and the {pring fet clofer if it is too weak. 
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Fig. 5 reprefents the exterior tube of the telefcope, which is 
to be unf{crewed from the reft, as it does not make any part of 
the microfcope; the cover k, which proteéts the objeét-glafs, 
ferves alfo as a box to contain the fliders with the objects, and a 
{mall mirror. 


Fig. 4 is a view of this cover when taken off: unfcrew the top: 
part of it, and the mirror, Fig. 6, may be taken out; unfcrew the 
cover of the lower part, and you will find therein the two circu- 
lar fliders reprefented at Fig. 1 and 2. 


Fig. 3 reprefents the three internal tubes of the telefcope;. 
which conftitute the microfcopic part thereof Draw the tubes. 
out in the manner that is feen in F ig. 3; then on the infide, but 
at the lower end of the exterior tube, you will find a fhort tube, 
which ferves as a ftage to hold the obje& and fupport the mir- 
ror; pull this tube partly out, and turn it, fo that a circular hole: 
which is pierced in it may coincide with a fimilar hole in the ex- 
terior tube. This tube is reprefented as drawn out at Fig. 3, the 
mirror, Fig. 4, placed therein at L.M, and the tranf{parent {lider 
fixed at NO. 


Fig. 1 reprefents the flider with tran{parent objects, 


Fig. 2, that with opake. They are made of ivory, and turn: 
on a pin at the center; the {lit end of this pin fits on the edge of 
the tube, which is then to be pufhed up, fo that the lower end of 
the exterior tube may bear lightly on the upper fide of the {lider,. 
agreeable to the view which is given at Fig. 3. Now putfh down 
the fecond tube till the milled part falls on the milled edge of the: 

6 eS yah ! exterior’ 
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exterior tube, being careful of the circular hole in the exterior 
one. Nothing now remains to be done but to adjuft for the 
focus, which is effeed by pufhing down the tube T V till the 
objeét appears diftinét. 


The inftrument may be ufed in two ways for tranfparent ob- 
jects; firft, in a vertical pofition, when the light is to be thrown 
on the object by the mirror LLM; or it may be examined by 
looking up dire€tly at the light; in the latter cafe the mirror 
muift be taken away. 


Tn viewing opake objetis the mirror is of no ufe; as much 
light as poflible muft be let fall on them through the circular ~ 
holes of the tubes. 


Any object may be viewed by firft puthing the tube IR, and 


then bringing the tube T to it’s focal diftance from the objec. 


A Descriprion oF THOSE Parts oF A MicroscoPicAaL 
APPARATUS, WHICH ARE DELINEATED IN Plate IX. 


A and B reprefent the brafs cells which contain the magni- 
fiers belonging to the different kinds of compound microfcopes. | 
The magnifiers are fometimes contained in a flider like that which 
is delineated at Fig. 9, Plate V. The lenfes of A and B are con- 
fmed by a {mall cap; on unfcrewing this, the {mall lens may be’ 
taken out and cleaned. The magnifiers A of the lucernal micro- 
{cope are fo contrived, that any two of them may be {crewed 
together, by which means a confiderable variety of magnifying 
power is obtained. : 

; To 
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To get at the lenfes in the flider, Fig. 9, Plate V. take ont the 
two {crews which hold on the cover. 


C, Plate IX. reprefents the general form of the flider-holder. 
Tt confifis of a cylindrical tube, in which an inner tube is 
forced up by afpring. It is ufed to receive the ivory or any 
other flider, in which the tranfparent objeéis are placed; thefe 
are to be {lid between the two upper plates: the hollow part in 
one of the plates is defigned for the glafs tubes. | 


D, the condenfing lens and it’s tube, which fits into the flider- 
holder C, and may be moved up and down init. When this 
piece is pufhed up as far as it will go, it condenfes the light of a 
candle, which is refleéted on it by the plain mirror of the com- 
_ pound microfcope, and {preads it uniformly over the objeét; in 
this cafe it is beft adapted to the fhalloweft magnifiers. If the 
deeper lenfes are ufed, it fhould be drawn down, or rather re- 
moved further from the object, that it may concentrate the light 
in a {mall compafs, and thus render it more denfe. The con- 
denfing lens is fometimes fitted up differently, but the principle 
being the fame, it will be eafy to apply it to ule, notwithflanding 
fome variations in the mechanifm. 


E, abrafs cone; it fixes under the flider-holder. It is ufed to 
leffen occafionally the quantity of light which comes from the 
mirror to any objett. 


F, abox, with two flat glaffes, which may be placed at different 
dillances from each other, in order to confine a fmall living infe@. 


8) G, a 
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G, afmall brafs box to hold the filver fpeculum H. 


H, a {mall filver concave fpeculum, defigned to refle&t the 
- light from the mirror on opake objeéis; it fhould only. be. ufed 

with the {hallow magnifiers.. It is applied in different ways to © 
the compound microfcope; fometimes to.a tube fimilar to 
that reprefented at X, which flides on the lower part of the 
body ; fometimes it is {crewed into the ring of the piece Q; the 
pin of this generally fits into one of the holes im the flage. When 
this fpeculum is ufed, the {lider-holder fhould be removed. 


I, a fifh-pan, whereon a {mall fifh may be faftened, in order to 
view the circulation of the blood ; it’s tail is to be fpread acrofs 
the oblong hole at the fmalleft end, and tied faft by means of the 
ribbonfixed thereto, by {hoving the knob which is on the back of 
it through the flit made in the flage; the tail of the ffh may be 


brought under the lens which is in ule. 


K, a cylindrical piece, intended for the folar opake microfcope; 
by pulling back the {piral {pring, fmaller or larger objeéis may be 
confined init. 


L, a long fteel wire, with a fimall pair of pliers at one end, 

-and a fleel point at the other; the wire flips backwards or for- 
wards ina {pring tube, which i is affixed to a joint, at the bottom. 
of which is a pinto fit one of the holes in the flage ; this piece is 
ufed to confine {mall objects. 


Jya fimall ivory cylinder that fits on the pointed end of the 
'fteel wire L; it is defigned to receive opake objeéts, Light- 
! | coloured 
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coloured ones are to be fluck on the dark fide, and vice 


verla. 


K 2 is a pair of triangular nippers, for taking hold and con- 
fining a large object. 


M, a convex lens, which fits the {lage by means of the long 
pin adhering to it; it is defigned to colle the light from the fun 


oracandle, and to throw them on any objeét placed on the flage: 
_ this piece is very lutle ufed at prefent. 


N, a brafs flider, into which is fitted a flat piece of glafs, and 
a brafs flider, containing one or two fmall concave glaffes, the 
others flat; it is defigned to confine {mall living objeéts, and 
when ufed is to be placed between the two upper plates of the 
flider-holder. 

O, a glafs tube to receive afmall fifh, &c. 

P reprefents one of the ivory-fliders, wherein objeéts are 
placed between two pieces of talc, and confined: by a brafs 
xing. | 

Q, a piece to hold the fpeculum H; this piece is generally 
&tted to the microfcopes which “are reprefented at Fig. 1:and 2, 
Plate IV. , 


R, a pair of forceps, to take up any occafional object. . 


: O 2 S, 
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S, a camel’s hair pencil to brufh the duft off the alaffes ; the. 
upper part of the quill is fcooped out, to take up a drop of any 
fluid, and place t it.on either of the glaffes for examination. 


T, an inftrument for cutting thin Ee aniveats ions of wood. 
It confifts of a wooden bafe, which fupports four brafs pillars ; on 
the top of the pillars is placed a flat piece of brafs, near the mid- 
dle of which there is a triangular hole. | 


A fharp knife, which moves in a diagonal dire€tion, 1s fixed on 
the upper fide of the afore-mentioned plate, and in fuch a man- 
ner, that the edge always coincides with the furface thereof. 


The knife is moved backwards and forwards by means of the 
handle a. The piece of wood is placed in the triangular trough 
which is under the brafs plate, and is to be kept fleady therein. 
by a milled {crew which is fitted to the trough; the-wood is to 
be prefled forward for cutting by the micrometer {crew b.. 


The pieces of wood fhould be applied to this inftrument im- 
mediately on being taken out of the ground, or elfe they fhould. 
be foaked for fome time in water, to foften them fo that they may 
not hurt the edge of the knife. 


When the edge of the knife 1s hil in. contaét with the. 
piece of wood, a {mall quantity of {pirits of wine fhould be pour- 
ed on the furface of the wood, to prevent it’s curling up; it will 
alfo make it adhere to the knife, from which 1 it may be removed: 
by prefling a piece of biicad 4 -paper on. it. | 
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Y is an appendage to the cutting engine, which is to be ufed 
inftead of the micrometer {crew, being preferred by fome prac- 
titioners to it, It is placed over the triangular hole, and kept flat 
down upon the furface of the brafs plate, while the piece of wood 
is prefled again{t a circular piece of brafs which is on the under 
fide of it. ~ 


This circular piece of brafs is fixed to a fcrew, by which it’s 
diftance from the flat plate on which the knife moves may be 
regulated. | 


Z, am ivory box, containing at one end fpare talc for the ivory 
fliders, and at the other {pare rings, for preffing the talcs together 
and confining them to. the flider, 


Sed pp * ee & KG 
R. HINDMARSH, .* 
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GENERAL InsTRUCTIONS FOR USING THE Mucroscopr, 
AND PREPARING THE OBJECTS. 


A the advantages which are obtained from any inftrument 
are confiderably increafed, if it be ufed by a perfon who is 
mafter of it’s properties, attentive to it’s adjuftments, and 
habituated by practice to the minutiz of management, it is the 
defign of this chapter to point out thofe circumfiances which re- 
quire moft the attention of the obferver, and to give fuch plain 
dire€tions, as may enable him to examine any object with eafe ; 
‘to fhew how he may place it in the beft point of view, and, if 
neceflary, prepare it for oblervation. 


A {mall degree of attention will render the obferver mafter of 
every neceflary rule, anda little praétice will make them familiar 
and habitual: the pains he takes to acquire thefe habits will be 
rewarded by an increafing attachment to his inftrument, and the . 
wonders it difplays. Let him only perfevere till he has over- 
come that natural indolence which oppofes the advancement of 
every kind of knowledge, and he will furely find himfelf moft 
amply recompented, by the pleafure of a fcience that has the un- 
limited treafures of INFINITE wispoM for the objeét of it’s 

6 . relearches : 
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refearches : and his mind being flrengthened by the victory it has 
gained, will be more keen in perceiving, and more patient in the 
invelligation of truth. ) 


Tt. has long been a complaint,* that many of thofe who pur- 
chafe microfcopes are {fo little acquainted with their general and 
extenfive ufefulnefs, and:fo much at a lofs for objects to examine 

by them, that after diverting their friends fome few times with 
what they find in. the fliders, which generally accompany the in- 
fLrument,, or perhaps two or three common objects, the micro- 
{cope is laid afide as of little further value: ~whereas no inftrument 
has yet appeared in the world capable of affording fo conftant,. 
various, and fatisfa@tory an entertamment to the mind. This. 
complaint will, I hope, be obviated by thefe eflays, in which Ihave 
endeavoured to make the ufe of the microfcope eafy, point’out 
an immenfe variety of obje&ts, and dire€t the obferver how to 


prepare them for examination. 


The fubje@ treated of in this chapter naturally divides itfelf 
into three heads: 1. concerning the neceflary preparation and 
adjuftment of the microfcope; the 2nd, treating of the proper 
quantity of the light, and beft method of adapting it to the ob- 
jeéts under examination; the 9d, {hewing how to prepare and 
preferve the various objets, that their nature, organization, and. 
texture, may be properly underftood. 


_ # Baker’s Microfcope made Eafy, p. 52. | 
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OF THE NECESSARY PREPARATION OF THE MucRoscopE 
FOR OBSERVATION. 


We have in the laft chapter explained thofe particulars that 
conf{litute the difference of one microfcope from another, and 
fhewn how each inflrument is to be ufed, and how the feveral 
parts are to be applied to it. We fhall now proceed to give fome 
gener al direétions applicable to every microfcope. The obferver 
is therefore fuppofed to have made himfelf mafter of his inftra- 
ment, and to know how to adapt the diffcrent parts of the appa- 
ratus to their proper places. 


The firft circumftance neceffary- to be examined into is, 
whether the different glafles belonging to the microfcope are per- 
fe€ily clean or not; if they are not clean, they mutt be taken out 
and wiped with a piece of wafh leather, taking care at the fame 
time not to foil the furface of the glafs with the fingers: in re- 
placing the glaffes, you muft alfo be careful not to lay them in 
an oblique fituation. | 


The objeét fhould be brought as near the center of the field of 
view as poflible, for there only will it be exhibited in the greateft 
perfeétion. 


The eye fhould be moved up and down from the eye-glafs of 
a compound microfcope, till you find that fituation where the 
Jargeft field and moft diftinét view of the objett is obtained. 
Every perfon ought to adjuft the microfcope to his own eye, and 
not depend upon the fituation it was placed in by another. 


Care 
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Care mult be taken not to let the breath fall upon the eye- 
glafs, nor to hold that part of the body of the microfe cope where 
the glaffes are placed with a warm hand, becaule the damp that 
is expelled from the metal by the heat will be aterafted and con- 
denfed by the glafles, and obftruét the fight of the object. 


The obferver fhould always begin with a fmall magnifying 
power; with this he will gain an accurate idea of the fitvation and 
conneétion of the whole, and will therefore be lefs liable to form 
any erroneous opinion, when the parts are viewed feparately by 
a deeper lens. By a fhallow magnifier he will alfo’ difcover 
thofe parts which merit a further inveftigation. 


Every object fhould, if poffible, be examined firft in that 
pofition which 1s moft natural to it: if this circumftance is neg- 
le€ted, very inadequate ideas of the ftruéture of the whole, as 
well as of the conneétion and ufe of the parts, will be formed. 
If it be a living animal, care muft be taken not to fqueeze, hurt, 


or difcompole it. 


There is a great difference between merely viewing an objec 
by the microfcope, and inveftigating it’s nature: in the firlt we 
only confider the magnified reprefentation thereof, in the fecond 
we endeavour to analyfe and difcover it’s nature and relation to 
other objects. In the firft cafe, we receive the impreffion of an 
image formed by the a€tion of the glaffes ; in the fecond,. we form 
our judgment by inveftigating this image. It 1s eafy to view the 
image which is offered to the eye, but not fo eafy to form a judg- 
ment of the things that are feen ; an extenfive knowledge of the 


fubjeét, great patience, and many experiments, will be found 
R neceflary 
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neceflary for'this purpofe: for there are many circumftances 
where the images feen may be very fimilar, though originating 
from fubftances totally different ; it is here the penetration of the 
obferver will be exercifed, to difcover the difference, and avoid 
error.* | | 


Hence Mr. Baker t cautions us againft forming an opinion too 
fuddenly of any microfcopic objeét, and not to draw our inferen- | 
ces till after repeated experiments and examinations of the obje&, 
in all lights and various pofitions; to pafs no judgment upon 
things extended by force, or contracted by drynefs, or im any 
manner out of a natural flate, without making fuitable al- 
lowances. 


‘The true colour of objeéts cannot be properly determined’ 
when viewed through the deepeft magnifiers; for, as the pores 
and interftices of an object are enlarged, according to the magni- 
fying power of the glaffes made ufe of, the component particles 
of it’s fubftance will appear feparated many thoufand times farther 
afunder than they do to the naked eye: it is, therefore, very 
probable, that the refleGion of the light from thefe particles will 
be very different, and exhibit different colours. 


Some confideration is alfo neceflary in forming a judgment of 
the motion of living creatures, or even of fluids, when feen 
through the microfcope; for as the moving body, and the {pace 


wherein it moves, are magnified, the motion will alfo be increafed. 


Tr 


* Fontana fur les Poifons, vol. ii. p. 245. 


+ Baker’s Microfcope made Eafy, p. 62+ 
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If an object is fo opake as not to fuffer any light to pals through 
it, as much as poflible muft be thrown on it’s upper furface by 
that part of the apparatus which is peculiarly adapted for opake 
objects. As the apertures of deep magnifiers are but fmall, and 
confequently admit but little light, they are not proper for the 
examination of opake objetis : this, however, naturally leads us 
-to our fecond head. 


Or THE MANAGEMENT OF THE LicHr. 


The pleafure arifing from a juft view of a microfcopic obje@, 
the diftin@inefs of vifion, &c. depend on a due management of 
the light, and adapting the quantity of it to the nature of the 
object, and the focus of the magnifier: therefore an object 
fhould always be viewed ‘in various degrees of light. For, as 
Dr. Hooke has well obferved, it 1s difficult to diftmeuifh in fome 
obje&is between a prominency and adepreffion, between a fhadow 


-and a black flain; and in colour, between a refle&tion and a 


whitenefs: a truth which the reader will find fully exemplified in 
the examination of the eye of the libella, and other flies, which 
will be found to appear exceedingly different in one pofition of 
the light from what they do in another. 


The brightnefs of an objet depends on the quantity of light ; 
the diftin€tnels of vifion, on regulating the quantity to the object ; 
for fome will be loft, and drowned, as it were, in a quantity of 
light that is fcarce fufficient to render another vifible. A ftrong 
light may be thrown on an obje&t various ways; firfl, by means _ 
of the fun and a convex lens; for this purpole, place the micro- 
{cope about three feet from a fouthern window: take _a deep 

| R 2 . convex 
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convex lens, that is mounted in a femicircle and fixedona ftand, 
fo that it’s pofition may be eafily varied; place this lens between 
the object and the window, fo that it may colle& a confiderable 
number of the folar rays, and refraét them on the objeét, or the 
mirror of the microfeope. If the light thus colleéted from the 
fun is too powerful, 1t may be tempered, by placing a piece of 
oiled paper, ora glafs lightly greyed, between the objet and the 
lens: by this means, a convenient degree of light may be obtain- 
ed, and diffufed in an equal manner over the whole furface of an 
objet, a circumftance that fhould be particularly attended to; 
for if the light be thrown in an irregular manner, that is, larger 
portions of it on fome parts than on others, it will not be 
diftinGtly exhibited. 


Where the folar light is preferred, it will be found very ¢ con 
venient to darken the room, and to refleG: the rays of the fun on 
the above-mentioned lens, by means of the mirror of a folar micro- 
fcope fitted.to the window-fhutter; for by this apparatus the 
obferver will be enabled to preferve the light on his object, not~ 
with{tanding the motion of the fun, 


Cutting off the adventitious light as much as pollible, by 
darkening the room where you are ufing the microfcope, and 
admitting the light only through a hole in the window-fhutter, or 
at molt keeping one window only open, will alfo be found very 
conducive towards producing a diftint view of the object. 


As the motion of the fun, and the variable flate of our atmo- 
fphere, renders folar obfervations both tedious and inconvenient, 


it will be proper for the obferver to be furnifhed with a large tin. 
- Tanthorn, 
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Janthorn, made fomething like the common magic lanthorn, fit 
to contain one of Argand’s lamps.* ‘The lanthorn fhould have 
an aperture in the front, that may be moved up and down, and 
capable of holding a lens; by this a pleafing uniform denfe light 
may be eafily procured. The lamp fhould move on a rod, that 
it may be readily elevated or depreffed. The lanthorn may be 
ufed for many other purpofes, as for viewing of pictures, ex- 
hibiting- microf{copic objects on a {creen, &c. 


Many tranfparent objects are feen beft in a weak light; among 
thefe we may place the prepared eyes of flies and animalcula’ in 
fluids; the quantity of light from a lamp or candle may be 
leflened by removing the microfcope to a greater diftance from. 
them, or it may be more effe€tually leflened by cutting off a part 
of the cone of rays that fall on the objeét, either by placing the 
cone, Fig. E,. Plate [X. under the ftage, or by forming circular 
apertures of black paper, of different fizes, and placing either 


28 larger or {maller one on the reflecting mirror, as occafion 


may require. 


There is an oblique fituation of the mirrors, and confequently 
of the light, which is eafily difcovered by practice, but for which 
no general rule can be given, that will exhibit an object more 
beautifully and more diftin€tly than any other pofition, {hewing 
the furface, as well as thole parts through which the light is 
tran{mitted. 


ip better 


% The oe fhould not be of the fountain kind, becaufe the receeion of the | 
air in the lanthorn will often force the oil over, 
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A better view of moft objeéts is obtained by a candle, or lamp, 
than by day-light ; it is more ealy to modify the former than the 
latter, and to throw it on the objeét with different degrees of 
denfity. From what has been faid, the reader will have obferved 


the importance of being able to examine the object in the greateft 
- variety of pofitions and appearances, which cannot-be effeéied 


with equal convenience by any microfcope but the improved 
lucernal. 
\ 


Or rHE PREPARATION OF OBJECTS FOR THE MICROSCOPE. 


In the preparation of objeéts, no man was more fuccefsful nor 
more indefatigable than Swammerdam, in minutely anatomizing, 


in patient inveftigation, and im curioufly exhibiting the minute | 


wonders of creation; he ftands unrivalled, far exceeding all thofe 
that preceded, as well as thofe which have fucceeded him. 
Deeply imprefled and warmly animated by the amazing {cenes 
that he continually difcovered, his zeal in purfuit of truth was 
not to be abated by difappointment, or alarmed by difficulty; 
and was never contented till he had attained a rational and clear 
idea of the organization of the objec, whofe fru@ture he wifhed 
to explore. 


We have only to regret that we are ignorant of the methods he 
employed. To difcover thefe, the great Boerhaave examined 
with a fcrupulous attention all the letters and manuferipts of 
Swarmmerdam, and has communicated the refult of his refearches, 
which, though but fmall, may enable us to form fome idea of 
this great labourer in the field of {crence. | 


For 


tt 
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For diffeting of {mall infeéts he had a brafs table, which was 
made by that excellent artift S. Muffchenbrock; to this table 
were affixed two brafs arms, mov eable at pleafure to any part of 
it. The upper portion of thefe arms was confiru€ed fo as to 
have a flow vertical motion, by which means the operator could 
readily alter their height, as he faw moft convenient to his pur- 
pole; the office of one of thefe arms was to hold the little bodies, 
and that of the other to apply the lens or ‘microfeope. 


His microfcopes, or lenfes, were of various foci, diameters, 
and fizes, from the leaft to the greateft, and the beft that could 
be procured in regard to the exatinels of the workmanfhip, and 
tranfparency of the fubflance. His way was, to begin his obfer- 
vations with the fmalleft magnifiers, and from thence proceed by 


degrees to the greatelt. By nature and ufe he was fo incom- 


parebly dexterous in thé management’ of thefe inftruments, that 
he made every obfervation fubfervient to the next, and all tend 


to confirm each other, and complete the defcription. 


His chief art feems to have been in conftruéting very fine 
{cilfars, and giving them an extreme fharpnefs: thefe he made 
ufe of to cut very minute objects, becaufe they difleted them 
equally ; whereas knives and lancets, let them ‘be ever fo fine and 
tharp, are apt to diforder delicate fubftances, as in going through 
them,they generally draw.after and difplace fome of the bate 


‘His knives, lancets, and ftyles, were fo very fine, that he could 


not fee to fharpen them without the -affiftance of a magnifying 
glais; but with them he could diffeét the inteftines of bees with 
he oa accuracy and diftinétnels that the moft celebrated ana- 
tomul does thofe of large animals. He was particularly dexterous 


6. im 
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in the management of fmall glafs tubes, which were no thicker 
than a briftle, and drawn to a very fine peint at one end, but 
thicker at the other. Thefe he made ufe of to fhew and blow up 
the {malleft veflels difcovered by the microfcope, to trace, diftin- 
guifh, feparate their courfes and communications, or to inje€t 
them with very fubtil coloured liquors. 


He ufed to fuffocate the infe&ts in {pirit of wine, in water, or 
{pirit of turpentine, and likewife preferved them for fome time in 


thefe liquids; by which means he kept the parts from putrefying, - 


and confequently collapfing and mixing together; and added to 
them befides fuch ftrength and firmnels, as rendered the diflec- 
tions more eafy and agreeable. When he had divided tranf- 
verfly with his fine {ciffars the little creature he intended to 
examine, and had carefully noted every thing that appeared 
without further difleGtion, he then proceeded to extratt the 
vifcera in a very cautious and leifurely manner, with other in- 
ftruments of great finenefs ; firft taking care to wafh away and 
feparate, with very fine pencils, the fat with which infects are 
very plentifully fupplied, and which always prejudice the internal 
parts before it can be extraéted. This operation is beft per- 
formed upon infeéts while in the nympha fate. 


Sometimes he put into water the delicate vifcera of the infects 
he had fuffocated ; and then fhaking them gently, he procured 
himfelf an opportunity of examining them, efpecially the air 
veflels, which by this means he could feparate from all the other 
parts whole and entire, to the great admiration of all thofe who 
beheld them ; as thefe veffels are not to be diftinétly feen in any 


other manner, or indeed feen at all without damaging them, he 
often 


G 
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often made ufe of water, injected by a fyringe, to cleanfe 
thoroughly the internal parts, then blew them up with air and 
@ried them, by which means he rendered them durable, and fit 


for examination at a proper opportunity. Sometimes he has ex- 
amined with the greateft fuccefs, and made the moft important 


difcoveries, in infeéts that he had preferved in balfam, and kept 
for years together in that condition. Again, he has frequently 
made punctures in other infects with a very fine needle, and after 
{queezing out all their moifture through the holes made in this 
manner, he filled them with air, by means of very flender 
glafs tubes, then dried them in the fhade, and laft of all anointed 
them with oil of fpike, in which a little rofin had been diffolved, 
by which means they retain their proper forms a long time. He 
had a fingular fecret, whereby he could fo preferve the nerves of 
infeéts, that they ufed to continue as limber and peripicuous as 
ever they had been. 


He ufed to make a {mall puniure or incifion in the tail of 
worms, and after having gently and with great patience {queezed 
out all their humours, and great part of their vifcera, he then in- 


-jeGed them with wax, fo as to give and continue to them all the 


appearance of healthy vigorous living creatures. He difcovered 
that the fat of all infects was perfettly diffolvible in oil of tur- 
pentine; thus he was enabled to fhew the vifcera plainly ; only 
after this diflolution he ufed to cleanfe and wafh them well and 
often in clean water. He frequently {pent whole days in thus 
cleanfing a fingle caterpillar of it’s fat, in order to difcover the 
true conftru€tion of this infeét’s heart. - His fingular fagacity in 
firipping off the fkin of caterpillars, that were upon the point of _ 


{pinning their cones, deferves particular notice, ‘This he effeGted, 
: S by 
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by letting them drop by their threads into fcalding water, and 
fuddenly withdrawing them; for by this means the epidermis 
peeled off very eafily ; and when this was done, he put them into 
diftilled vinegar and {pirit of wine, mixed together in equal por- 
tions, which, by giving a proper firmnefs to the parts, gave him 
an opportunity of feparating them, with very little trouble, from 
the exuviz, or {kins, without any danger to the parts; fo that by 
this contrivance, the nymph could be fhewn to be wrapped up 
in the caterpillar, and the butterfly in the nymph. Thofe who 
look into the works of Swammerdam, will be abundantly grati- 
fied, whether they confider his immenfe labour and unremitted 
- ardour in thefe purfuits, or his wonderful devotion and piety. 

On one hand, his genius urged him to examine the miracles of 
the great Creator in his natural produ€tions; whilft on the other, 
the love of that fame all-perfe€t Being rooted in “his mind, ftrug- 
gled hard to perfuade him that God alone, and not the creatures, 
were worthy of his eens love, and attention. 


M. Lyonet always drowned firft thofe snfelts he intended to 
anatomize, as by this means he was enabled to preferve both the 
fofinefs and tranfparency of the parts. If the infeét, &c. is very 
fmall, ex. gr. one-tenth of an inch, or a little more in length, it 
fhould be difleGted in water, on a glafs which is a little concave ; 
if after a few days there is any fear that the infeét will putrefy, it 
fhould be placed in weak fpirit of wine, inftead of water. In 
order to fix the little creature, it muft be fuffered to. dry, and. 
then be faftened by a piece of foft wax; after which it may be 
again covered with water. 


Larger 
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‘Larger objeéts require a different procefs; they fhould be 
placed in a fall trough of thin wood; the bottom of a common 
chip box will anfwer very well, by furrounding the edge of it 
- with foft wax, to keep in the water or {pirit of wine. The infeQ 
is then to be opened, and if the parts are foft like thofe of a 
caterpillar, they fhould be turned back and fixed to the trough 
by {mall pins ; the pins are to be fet by a pair of {mall nippers : 
the {kin being ftretched at the fame inftant by another pair of 
finer forceps, the mfeft muft then be placed im water, and dit 
feGted therein, and after two or three days it fhould be covered 
with fpirits of wine, which fhould be renewed occafionally ; by 
‘this means the fubjeft is preferved im perfection, and it’s parts 
may be gradually unfolded, without any other change being 
perceived than that the foft elaftic parts become {uf and epake 
and fome others lofe their colour. 


M. Lyonet ufed the following inftruments m his curious dif 
f{eQion of the chenille de faule. As {mall a pair of feiflars as . 
could be made, the arms long and fine; afmall and fharp knife, 
the end brought to a point -a pair of forceps, the ends of which 
had been fo adjufted, that they would eafily lay hold of a {pi- 
der’s thread or a grain of fand. But the moft ufeful inftruments 
were two fine fteel needles, fixed in fmall wooden handles, about 
23 of an inch in length. 

An obfervation of Dr. Hooke’s may be very ufeful, if attended 
to, for fixing objects intended to be defigned by the microfcope. 
He found no creature more troublefome to draw than the ant or 
pifmire, not being able to get the body quiet in.a natural pofture. 
Tf, when alive, it’s feet were fettered with wax or glue, it would 

S 2 fo 
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fo twift and twine it’s body, that it was impoffible any way to get 
a good view of it; if it was killed, the body was fo fmall, that the 
{hape was often fpoiled before 1t could be examined. It is the 
nature of many minute bodies, when their life is deftroyed, for 
the parts to fhrivel up immediately; this is very obfervable in. 
many {mall plants, as well as in infects; the furface of thefe {mall 
bodies, if porous, being affeGted by almoft every change ef the 
air; and this is particularly the cafe with the ant. But if the 
hetle creature is dropped in well re€tified {pirit-of wine, it is im- 
mediately killed; and when taken out, the fpirit of wine evapo- 
rates, leaves the animal dry and in it’s natural pofture; or at leaft 
fo conftituted, that you may eafily place it with a pin in. what 
pofture you pleafe.* | 


Having thus given.a general account of the methods ufed hy 
Swammerdam and Lyonet, in theirexamination and diffection of. 
infeGts, we fhall proceed to fhew how to prepare feveral of their 
parts for the microfcope, beginning with the wines. Many 
of thefe are fo tranfparent and clear, as to. require no previous. 
preparation ; but the under wings of thofe that are covered with. 
elytra or eruftaceous eafes, being conftantly folded. up when at 
reft, they muft be unfolded before they can be examined by. the 
microfcepe: for this purpofe, a confiderable fhare of. dexterity, 
and fome patience 1s neceflary; for the natural {pring of the 
wings is fo ftrong, that they immediately fold themfelves. again,. 
except they are carefully prevented. 


One of the moft curious and beautiful: wings of this kind 1s.that: 
of the zarwic, of which we have given a. drawing, Plate XIV. 
3 Fig. 


* Hooke’s Micrographia, p. 203-. 
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Fig. 1. When expanded it is a tolerably large wing, yet folds 
up under a cafe not one-eighth part of it's fize.’ It is very diff 
cult to unfold this wing, on account of it’s curious texture. They 
are beft opened immediately after the infett is killed. Hold the 
earwig by the thorax, between the finger and thumb; then with | 
a blunt pointed pin endeavour gently to open it, by {preading it 
over the fore-finger, gradually {liding at the fame time the thumb 
over it. When-the wing is fully expanded, feparate it from the 
infe€t by a fharp knife, or a pair of {ciflars: ‘The wing fhould be 
prefled for fome time between the thumb and finger before it 
be removed ; it may then be placed between two pieces of paper, 
and again prefled for at leaft an hour : after which, it may be put 
between the talcs without any danger of folding up again. 


T he wings of the notonecta, and other water infeéts, as well 
as moft fpecies of the grylli, require equal care and delicacy with - 
ae of the earwig to difplay them properly. 


The wiNcs OF BUTTERFLIES AND MOTHS are covered with 
very minute fcales or feathers, that afford a beautiful obje€t for 


the microfcope; near the thorax, the fhoulder, the middle of the 


wing, and the fringes of the wings, they are generally intermixed 
with hair. The feales from one part, alfo, often differ in thape 
from thofe of another; they may be firft feraped_ off or loofened 
from the wing with a knife, and then brufh them into. a piece of 
paper with a camel's hair pencil; the feales may be feparated 
from the hairs with the affiftance of a common Brag ns glals. 


The probofcis of infects, as of the gnat, the tabanus, &c. re- 


quires much attention, and On gleable care, to be eiigtiee 
properly 
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properly for the microfcope; and many muft be prepared before 
the obferver decides upon the fituation and fhape of the parts ; 
he will often alfo be able to unfold m one fpecinien fome parts 
that he can fearce difcover in another. It is well known that the 
COLLECTOR OF THE BEE forms a moft beautiful objet; a 
figure of it is given in Plate XIN. Fig. 3. In it is difplayed 
a mo{ft wonderful mechanifm, admirably adapted to colleé 
and éxtraGt the various fweets from flowers, &c. To prepare 
this, it fhould firft be carefully wafhed with fpirit of tur- 
pentine, by which means it will be freed from the unétuous 
and ‘melliferous particles which ufually adhere to it; when dry, 
it muft be again wafhed with a camel's hair pencil, to difengage 
and bring forward the fmall hairs which form one part of it’s 
microfcopic beauty, 


The cafe which enclefes THE STING oF THE BEE, the wafp, 
and:the hornet, are fo hard, that 1t 4s very difficult to extraét 
them without breaking or otherwife injuring them. It will be 
found, perhaps, the beft way to foak the cafe and the reft of the 
apparatus for fome time in {pirit of wine or turpentine, then lay 
it On a piece of clean paper, and with a blunt knife draw out the 
fting, holding the fheath by the nail of the finger, or by any 
blunt inftrament; great care is requifite to preferve the feelers, 
which when cleaned add‘much to the beauty of the object. 


The EYES OF THE LIBELLULA and different flies, of the 
Yobfter, &c. are firft to be cleaned from the blood and other ex- 
traneous matter, they fhould then be foaked in water for fome 
days, after which you may feparate one or two {kins from the 
eye, which, if they remain, render it too opake and confuled ; 

6 fome 
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fome care is, however, requifite in this feparation, otherwife the — 
{kin may be made too thin, fo as not to enable you to form an 
accurate idea of it’s organization. 


The exuvie of infeéts are ia general a very pleafing object, 
and require but little preparation. If they are curled or bent up, 
keep them in a moift atmofphere for a few hours, and they will 
foon become fo relaxed that you may extend them with eafe to 
their natural pofitions. The fieam of warm water anfwers the 
-purpofe very well. 


_ The beard of the lepas anitifera is to be foaked in clean foft 
water, and frequently brufhed while wet with a camel’s hair pen- 
cil; it may then be left to dry: after which it muft be again 
brufhed with a dry pencil, to difengage and feparate the hairs, 
which are apt to adhere together. A picture of this objet is 
reprefented in Plate XU, Fig. 1. 


To view the MUSCULAR FIBRES, take a very thin piece of 
dried flefh, and lay it upon a flip of glafs, and moiflen it with 
warm water; when this is evaporated, the veflels will appear 
plain and more vifible, and by repeated macerations the parts 
may be further difengaged. se dale 


To examine fat, brains, and other fimilar fubftances, we are — 
advifed by Dr. Hooke to render the furface fmooth, by pretling 
it between two thin plates of flat glals; by which the fubftance 
will be made much thinner and more tranfparent ; otherwife the 
parts lying thick one upon the other, it appears confufed and 
indifting, | 


Some 
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Some fubftances are, however, fo organized, that if their pecu- 
liar form is altered, the parts we with to difcover are deltroyed ; 
fuch as nerves, tendons, mufcular fibres, pith of wood, &c. 
many of thefe are beft to be examined while floating in fome con- 


venient tranfparent fluid. For inflance, very few of the fibres of | 


any of the mufcles can be difcovered when they are viewed in 
the open air; but if placed in water or oil, great part of their 
wonderful fabric may be difcovered. If the thread of a ligament 
is viewed in this manner, it will be feen to confift of an indefinite 
number of fmooth round threads lying clofe together. 


Obje&s of an elaftic nature fhould be pulled or ftretched out 
while they are under the microfcope, that the texture and nature 
of thofé parts, whofe figure is altered by being thus pulled out, 
may be more fully difcovered. 


To examine nones with the microfcope. Thefle fhould firf 
be viewed as opake objetts; afterwards, by procuring thin 
feGtions, they fhould be looked at as if tranfparent. “The feétions 
{hould be cut in all direGtions, and be well wafhed and cleaned ; 
a degree of maceration will be ufeful in fome cafes. Or the 
bones may be put in a clear fire till they are red hot, and then 
taken out; by this means the bony cells. wil appear more con- 
fpicuous and vifible, being freed from extraneous matter. 


To examine the PORES OF THE SKIN. Firft, cut or pare off 
with a razor as thin a flice as poffible of the upper fkin ; then cut 
a fecond from the fame place; apply the laft to the microfcope. » 


THE 


Microscopican Essays, 145 


Tur scALEs or FisH fhould be foaked in water for a few 
days, and then be carefully rubbed, to clean them from the {kin 
and dirt which may adhere to them, 


To procure the fcales of the eel, which are a great curiofity, 
and the more fo as the eel was not known to have any till they 
were difcovered by the microfcope. Take a piece of the fkin 
of the eel that grows on the fide, and while it is moift {pread it 
on a piece of glafs, that it may dry very {mooth; when thus 
dried, the furface will appear all over dimpled or pitted by the 
_ {cales, which lie under a fort of cuticle or thin fkin; this fkin 
may be raifed with the {harp point of a penknife, vipethee with 
the fcales which will then eafily flip out, and thus you may pro- 
cure as many as Se pleafe.* 


On the lizard, the guana, &c. are two fkins; one of thefe is 
very tranfparent, the other is thicker and more opake ; by 
feparating thefe we procure two beautiful objects. 


Tue LEAVES of many trees, and fome plants, when diflected, 
form a vety pleafing objet. To diffect them, take a few of the © 
moft perfect leaves you can find, and place them in a pan with 
clean water; let them remain three weeks or a month without 
changing the water; then take them up, and try if they feel very 
foft, and appear almoft rotten; if fo, they are fufficiently foaked. 
You are then to lay them on a flat board, and holdmg them by 
the flalk, draw the edge of a knife over the upper fide of the 
leaf, which will take off moft of the {kin; turn the leaf, and do 

| hs Ry the 


* Martin’s Micrographia Nova, p. 29. 
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the fame with the under fide. When the fkin is taken off on 
both fides, wafh out the pulpy matter, and the fibres will be ex- 
hibited in a beautiful manner. By {flitting the fialk you may 
feparate the anatomized leaf into two parts. The fkins that are » 
peeled from the fibres will alfo make a very good objeét. The 
autumn is the beft feafon for the foregoing operation, as_the fibres 
_ of the leaves are much ftronger at that feafon, and lefs liable to 


break. 


Ores and minerals fhould all be. carefully wafhed and brufhed | 
with a {mall brufh, to remove any extraneous matter that may ad- 
here tothem. Shells may be ground down ona hone, by which 
their internal ftructure will be difplayed. 


To VIEW THE CIRCULATION AND EXAMINE THE PARTICLES 
OF THE BLOOD. ‘The principal point the obferver muft aim_at, 
in order to view the circulation of the blood, is to procure thofe 
fmall animals or infects that are moft tran{parent, that by feeing 
through them he may be enabled to difeover what paffes within 
them. The particular kinds beft adapted for the purpofe will be | 
enumerated in the defcriptive catalogue at the end of this work. 


Ifa {mall eel is ufed for this purpofe, it muft be cleanfed from. 
the flime which covers it; after which it may be put either in the 
fifh-pan, ora glafs tube filled with water, and then placed under 
the microfcope. Ifthe eel is fmall enough, the circulation may 
be viewed in the moft fatisfaCtory manner.» Leeuvenhoeck has. 
given, in his 112th epiftle, an accurate defcription of the blood- 
veflels in part of the tail of an eel.. The fame figure may alfo be 
{een in my father’s Treatife on the Microfcope. The tail of any 

| other 
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other {mall fifh may Be applied in the fame manner, or tied on a 
flip of flat glafs, and be thus laid before the microfcope. 
Flounders, eels, and gudgeons, are to be had almoft at any time 
in London.—N. B. By filling the tube with water, when an eel is 
ufed, it will in a great meafure prevent the fliminefs of the eel 
from foiling the elafs, 


To view the particles of the blood, take a fmall-drop of it 
when warm, and f{pread it as thin as poffible upon a flat piece of 
glafs. By diluting it a little with warm water, fome of the larger 


globules will divide from the fmaller, and many of them will be 


fubdivided into fmaller ones: or a little drop of blood may be 


_ put into a capillary tube of glafs, and be then prefented before 


the microfcope. Mr. Baker advifes the mixing the blood with 
a little warm milk, which, he fays, will caufe the unbroken par- 


_ ticles to be very diftinétly feen; but the moft accurate obferver of 


thefe particles was Mr. Hewfon, and he fays, they have been 
termed globules with great impropriety, being in reality flat 
bodies. When we confider how many ingenious perfons have 
been employed in examining the blood with the beft microfcopes, 
it appears furprizing that the figure of the. particles fhould be 
miftaken; but the wonder is leflened when we reflect how many 
obvious shits are ovérlooked, tll our attention is particularly 
direGted towards them ; and befides, the blood in the human fub- 


ject, and in quadrupeds, is fo full of thefe particles, that it is 


with great difficulty they can be feen feparate until the blood is 
diluted. It was by difcovering a proper method to effe& this that 
Mr. Hewfon was indebted for his fuccefs. He diluted the particles 


: with ferum, in which they would remain undiflolved, and as he 
_ could dilute them to any degree with the ferum, he could ealily 
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examine the particles diftinét from each other; ex. pr. take 2° 
fmall quantity of the ferum. of the human blood, and fhake a 
piece of craflamentum in it, till it is coloured a little with the red 
particles ; then with a foft hair pencil fpread a little of it on a 
piece of thin glafs, and place this glafs under the microfcope, in 
fuch a manner as not to be quite horizontal, but rather higher at: 
one end than the other; by which means, the ferum will flow 
_ from the higher to the lower extremity, and as it flows fome of 
the particles will be found to {wim on their flat fides, and will 
appear to have a dark {pot in the middle: others will turn over 
from one fide to the other, as they roll down the glafs. 


An apparatus has been deferibed by feveral authors for view- 
ing the circulation of the blood in the mefentery of a frog; by 
this inftrument curiofity may be gratified ; but itis at the expence . 
of humanity, and that without any probability of extending the 
bounds of fcience, or promoting the good of mankind. No 
rational exeufe can be given for depriving a poor creature of It’s 
life, the greateft boon that nature can beftow, or even to put it 
in pain, but an objeét of utility; he who does from hence procure 
benefits for the higher orders of animated beings, may be per- 
mitted to exert the power which he poflefles over the inferior 
orders of life. But he greatly errs, if he thinks thefe powers may 
be ufed to gratify wanton curiofity, or the ports of an. in- 
ordinate fancy. 


« —__--—- God, when he charg’d the Jew 

T’ affift his foe’s down-fallen beait to rife ; 

And when the bufh-exploring boy, that feiz’d 

The young, to let the parent bird go free, | 
Provd 
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Prov’d he not plainly that his meaner works 
Are yet his care, and have an intreft all 
Aut in the univerfal Father’s love ?”’ 


¢ I would not enter on my lift of friends 

(Tho’ grac’d with polifh’d manners and fine fenfe, 
Yet wanting fenfibility) the man 

Who needlefsly fets foot upon a worm, 

An inadvertent ftep may crufh the fnail 

That crawls at ev ning in the public path ; 

But he that has humanity, forewarn’d, 

Will tread afide, and let the reptile live.” 


* A neceffary a€t incurs no blame: 

Not fo when held within their proper bounds,» 
And guiltlefs of offence, they range the air, 
‘Or take their paftime in the fpacious field :— 
There they are privileg’d. And he that hunts, 
Or harms them there, is guilty of a wrong.” 


CowPer’s Porms, vol 
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Or ANIMALCULA IN INnFusioNns, &c. 


Thefe require little or no preparation. The firft obje& is to 
procure them, the fecond to render them vifible by the micro- 
{cope. A few obfervations, however, may be of ufe. Many 
drops of water may be examined before any can be found ; fo 
that if the obferver be too hefty, he may be eafily siGiaponieeds 
though other parts of the fame water may be fully peopled by 
them. 


The furface of infufed liquors is generally covered with a thin 
pelicule, which is eafily broken, but acquires thicknefs by ftand- 
ing; the greateft number of animalcula are generally to be found 
in this fuperficial film. 


In fome cafes it is neceflary to dilute the infufions; but this is 
always to be done with diftilled water, and that water {hould be 
examined in the microfcope before it is made ufe of: the neg- 
le&t of this precaution has been a fource of many errors. 


Animalcula are in general better obferved when the water is a 
little evaporated, as the eye is not confuled, nor the attention 
diverted by a few objeéis. ‘To feparate one or two animalcula 
from the reft, place a fmail drop of water on the glafs near that 
of the infufion ; make a {mall neck, or gutter, between the two 
drops with a pin, which will join them Nata then the inftant 
you perceive that an animalculum has traverfed the neck or gutter, 
and entered the drop, cut off the communication Tatvech the 
two drops. 


To 
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To procure the eels in patle, boil a little flour and water, till 
it comes to the confiftence of fuch a pafte as is ufed by the book- 
binders; expofe it to the air in an open vellel, and beat it toge- 
ther from time to time, to prevent the furface thereof growing 
hard or mouldy: after a few days it will turn four ; then, if it be 
examined with attention, you will find myriads of eels on the 
furface. | 


To-preferve thefe eels all the year, you mutt keep the furface 
of the pafte moift, by putting a little water or frefh pafte from 
time to time to the other. Mr. Baker advifes a drop or two of 
vinegar to be put into the pafte now and then. ‘The continual 
motion of ‘the eels, while the furface is. moift, will prevent the 
| pafte getting mouldy. Apply them to the microfcope upon a 
flip of flat glafs, firft putting on it a drop of water, taken up 
by the head of a pin, for them to {wim In. 


To make an infufion of pepper. Bruife as much common 
black pepper as will cover the bottom of an open jar, and lay it 
thereon about half an inch thick; pour as much {oft water in the’ 
veflel as will rife about an inch above the pepper. The pepper 
and water are then to be well fhook together; after which they. 
muft not be ftirred, but be left expofed to the air for a few days, 
when a thin pelicule will be formed on the furface of the water, 
containing millions of animalcula. 

The obferver fhould be careful not to form a judgment of the 
nature, the ufe, and the operations of fmall.animalcula, from 
ideas which he has acquired by confidering the properties of larger 
animals: for, by the affiftance of glaffes, we are introduced as it 

| were 
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were into a new world, and become acquainted not only with a 

few unknown animals, but with numerous fpecies thereof, which 

are fo fingular in their formation and habits, that without the 

cleareft proofs even their exiftence would not be credited; and 
while they afford frefh inftances of the Creator's power, they alfo 

give further proofs of the limits and weaknefs of the human 

underftanding. 


DIRECTIONS FOR FINDING, FEEDING, AND PRESERVING 
? THE POLYPES. 


Thefe little animals are te be found upon all forts of aquatic 
plants, upon branches of trees, pieces of board, rotten leaves, 
ftones, and other fubftances that liein the water; they are alfo to 
be found upon, the bodies of feveral aquatic animals, as on the - 
waterdnail, on feveral ipecies of the monoculus, &c. they gene- 
rally fix themfelves to thefe by their tail, fo that it is a very good 
method when you are in fearch of polypes, to take up a great 
many of thefe fubftances, and put them in a glafs full of water. 
If there be any polypes adhering to thefe; you will foom perceive 
them flretching out their arms, efpecially if the glafs is let fland 
{till for a while without moving it; for the polypes, which con- 
tract themfelves on being firft taken out of the water, will foon 
extend themfelves again when they are at reft. 


They are to be fought for in the corners of ditches, puddles, 
_and ponds, being generally driven into thefe with the pieces of 
wood or leaves to which they have attached themfelves. ‘They 
may, therefore, be fought for in vain at oneperiod, in a place 
where at,another you {hall find them in abundance. They are 
4 . | » snore 
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more ealily perceived in a ditch when the fun fhines on the bot- 
tom, than at another time. They are feldom to be met with in 
‘winter: about the month of May they begin to appear and 
increafe. 


They are generally to be found in waters which move 
gently; for neither a rapid flream, nor flagnant waters, ever 
abound with them. As they are always fixed to fome fubftance 
by their tails, and are very rarely loofe in the water, taking up 
water only can fignify but little ; a circumftance which has pro- 
bably been the caufe of much difappointment to thofe who have 
fearched for them. 


The green Seb est: are generally about half an inch long when 
ftretched out; thofe of the fecond and third fort are between 
three quarters of an inch and an inch in length; though fome 
are to be found at times which are an inch and a half Jong. 


Heat and cold has the fame effet upon thefe little creatures, 
that it has upon thole of a larger fize. They are animated and 
enlivened by. heat, whereas cold renders them faint and languid ; 
they fhould therefore be kept in fucha aren, of heat, that the 
water may not be below temperate, 


“It is me for many experiments to fufpend a polype 
from the {urface of the water. To effeét this, take a hair pencil 
in one hand, and hold a pointed quill in the other; with the 
pencil loofen the polype from the receiver in which it is kept, 
and gradually raife it near the top of the water, fo that the ante- 
rior end may be next the point of the pencil - then lift it out of 
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the water, and keep it. fo for a minute ; after which, thruft the 
point of the pencil, together with the anterior end, by litdle and 
hitle under water, until no more than about half the. tenth of an 
inch of the polype’s tail remains above it’s furface; at this infant, 
with the pointed quill remove that part of the polype from the 
pencil which is already in the water, and at the fame time blow- 
ing againit the polype, it will be loofened, and remain out of | 
the water. 


When the polypes were firft difcovered, Mr. Trembley had . 

fome difficulty to find out that food which was proper for them; 
but he foon difcovered, that a fmall fpecies of the millepede 
anfwered the purpofe very well: the pulices aquatices have alfo. 
- been recommended. The fmall red worms, which are to be 
found on the mud-banks of the Thames, particularly near the 
fhores, anfwer the purpole alfo; they are eafily found when the 
tide is out, when they rife in fuch fwarms on the furtace of the 
mud, that it appears of a red colour. Thefe worms are an ex- 
cellent food for the polype. If a fufficient quantity is gathered in 
November, and put into a large glafs full of water, with three or 
four inches of earth at the bottom, you will have a fupply for the 
polypes all the winter. They may alfo be fed with common 
worms, with the larva of gnats and other infeéts, and even with 
butchers meat, &c. if it be cut {mall enough. 
River, or any foft water, agrees with them ; het that which is © 
hard and fharp prevents their thriving, and generally kills them 
in a few days. “The worms with which they are fed fhould ae 
always ‘cleanfed before you feed the polypes with them. 


The 
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The polypes are commonly infefted with little lice; from thefe 


 it-is neceflary to free them, in order to preferve your polypes 


in a good flate of health, They may be cleanfed from the lice 
by rubbing them with a hair pencil; this cannot be ealily done, 
without they have affixed themfclves to fome fubflance: fo that 
if they are ful; sended from the furface of the water, you mufl en- 
deavour to get them to fix themfelves to.a piece of packthread ; 


when they are faitened thereto, you may then rub them with a 


hair pencil, without loofening them from the thread. 


The lice which torment the polype are not only very 
numerous, but they are allo very large relative to it’s fize: they 
may be faid to be nearly as large seth refpeet to them, as a com- 
mon beetle is to us. If they are not nance off, they foon cover 
their bodies, and in a little time totall y deftroy them, 


To preferve the polypes in health, it is alfo neceflary often to 
change the water they are kept. in,.and particularly after they | 
have done eating ; it is not fufficient to pour the water off, all 
the polypes fhould be taken out, and the bottom and fides. of the 
veflel rubbed from the flimy fediment.adhering thereto; this is 
caufed by their faces, and is fatal to them if not tae 
away. ‘The faeces often occafion a {pécies of mortificafion, which 


increafes every day; its progrefs may be flopped by cutting off 


the difeafed part. To take them out, firft loofen their tails from 
the fides or bottom of the glafs; then take them up one by one, 
with a quill cut in the fhape of a fcoop, and place them in ano- 
ther glafs with clean water; if they cling to the quill, let it 
remain a minute or two in water, and they will {oon dilengage 
themfelves, 

Ui! te They 
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They are preferved beft in large glaffes, that hold three or four 
_ quarts of water; for in a glafs of this fize the water need not be 
‘renewed fo often, particularly if the feces are taken out from 
time to time with the feathered end of a pen, to which it readily 
adheres ; and further, the trouble of feeding each individual is in 
fome meafure faved, as you need only throw in a parcel of 
worms, and let the polypes divide them for themfelves. 


To obferve with accuracy the various habitudes, pofitions, &c. 
of this little animal, it will be neceflary to place fome of them in 
narrow cylindrical glaffes; then, by means of the microfcope, 
Fig. 3, Plate VI. you may obferve it exerting all it’s a€tions of life 
with eafe and convenience; the facility with which the lens of 
the fore-mentioned microfcope may be moved and placed in 
any dire€tion, renders it a molt convenient inftrument for ex- 
amining any object that. requires to be viewed in water. 


It is alfo very proper to dry fome of them, and place them be- 
tween tales ina flider ; this however requires fome dexterity, and a 
little praétice; tho’ when executed with fuccefs, it fully rewards 
the pains of the obferver. Chufe a proper polype, and put it in a 
{mall concave lens, with a drop of water; when it 1s extended, 
and the tail fixed, pour off a little of the water, and then plunge © 
it with the concave into fome fpirit of wine contained in the bowl 
of a large fpoon; by this it is inflantly killed, the arms and body 
contracting more or lefs ; rub it gently, while in fpirits, with a 
fmall hair pencil, to cleanfe it from the lice. 


The difficulty now begins ; for the parts of the polype, on 
being taken out of the {pirits, immediately cling together, fo that — 
| . it 


* 


MicrRoscoFIcAL ESSAYS. 157 


itis not practicable to extend the body, and feparate the arms on 
the talc, without tearing them to pieces: fo that the only method 
is, to adjuft them upon the tale while in the {pirits; this may be 
done by flipping the talc under the body of the polype, while it 
lies in the {pirits, and difplaying its arms thereon by the {mall 
hair pencil and a pair of nippers; then lift the talc, with the 
polype upon it, out of the {pirits; take hold of it with the nip- 
pers in the left hand, dip the pencil in the fpirits with the right 
hand, and therewith difpofe of the feveral parts, that they may 
lie in a convenient manner, at the fame time brufhing away any 
lice that may be feen upon the tale; now let it dry, which it 
does in a litile time, and place the talc carefully in the hole of 
the flider. ‘To prevent the upper talc and ring prefling on the 
polype, you mult cut three pieces of cork, about the bignefs of a 
pin’s head, and the depth of the polype, and fix them by gum 
in a triangular pofition, partly on the edges of the faid talc, 
partly to the fides of the ivory hole itfelf; the upper tale may 
then be laid on thefe corks, and preffed down by the ring as 
uluale* | | 


Or VEGETABLES. 


I wifh I could give the reader a fatisfa€tory account of all the > 


preparations which are requifite to fit for the microfcope the ob- 


jets of the vegetable kingdom. Dr. Hill is the only writer who 
has handled this fubje@. I fhall, therefore, extraét from huis 
« Treatife on the Conftru@ion of Timber,” what he has 
faid; this, together with the improvements I have made on the 

. cutting 


%* Baker on the Polypes. 


158 Microscorican Essays. 


' cutting engine, will enable the reader to purfue the fubject, and 
extend it further, both oe his own piealiire, and the advantage of 
the public. 


Tue MANNER OF OBTAINING THE Parts or A SHOOT 
SEPARATE. 


In the beginning of April, take a quantity.of young branches 
from the fearlet oak, and other trees. Thefe are firft cut into 
lengths, of the growth of different feafons; and then part are left 
entire, part {plit, and the reft quartered. In this flate they are 
_ put into a wicker bafket, ‘with large openings, or of loofe work, 
and a heavy {tone is put in with them: a rope is tied to the han- 
dle of the bafket, and it is thrown into a brook of running water: 
at times itis taken up, and expofed a little to the air; it is fre- 
quently fhook about under water, to wah off filth ; and once in 
ten days the flicks are examined. 


By degrees the parts loofen from one another; and by gentle 
rubbing in a bafon of water, juft warmed, they will be fo far 


feparated, that a pencil brufh will perfect the bufinefs, and afford 


pieces of various fize, pure, diftinét, and clean. One part will 


in this way feparate at one time, and another at another ; but by 
returning the. flicks to the water, and repeating the operation, 
in the courle of four or five weeks, every part may be obtained 
diftinét. They are beft examined immediately; but if any one 
wifhes to preferve them for repeated inquiries, it may be done in 
this manner: diflolve half an ounce of alum m two quarts of 
water; drop the pieces thus feparated, for a few moments, into 
this folution, then dry them upon paper, and put them up in 

a ae y vials 
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vials of {pirit of wine. Nothing but fpirit of wine can preferve 
thefe tender bodies. 


To PREPARE THE RIND FOR OBSERVATION. 


As the veflels of the rind are of different diameters in various 
trees, though their conftrution and that of the blebs is perfectly 


the fame in all, it will be beft to chufe for this purpofe the rind 


of a tree wherein they are largeft. The rind of the afh-leaved 
maple is finely fuited. A piece of this may be obtained of two 


inches long, and will very fuccefsfully anfwer the intention. Such 


a piece being prepared without alum or fpirit, but dried from the 
water in which it had been macerated, it 1s to be impregnated 
with lead in the following manner, to fhew the apertures by 
their colour. . 


Diffolve one dram of fugar of lead in an ounce and a half of 
water; filter this through paper, and pour it into a tea-cup. 
Clip off a thn {lice of what was the lower end of the piece of 


 yind as it grew’on the tree, and plunge it near an inch deep into 


the liquor; keep it upright between two pieces of flick, fo that 
one halfor more may be above the water: whelm a wine and 
water glafs over the tea-cup, and fet the whole in a warm place. 
When it has ftood two days, take it out, and clip off all that part 
which was in the liquor, and throw it away. | 


a 


The circumftances here mentioned, trivial as they feem, mult 


be attended to: the operation will not fucceed, even if the 
_ covering-glafs be omitted ; it keeps a moift atmofphere about the 


rind, and makes it’s veflels fupple. ~ . 
| While 
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While this is ftanding, put into a bafon two ounces of quick 
lime, and an ounce of orpiment; pour upon them a pint and a 
half of boiling water; ftir the whole together, and when it has - 
ftood a day and night, it will be fit for ufe. This 1s the liquor 
probatorius vini of fome of the German chemifts : it difcovers 
lead when wines are adulterated with it, and will {hew it any 


where. 


Put a little of this liquor in a tea-cup, and plunge the piece of 
rind half-way into it. 


In the former part of this experiment, the veffels of the rind 
have been filled with a folution of lead, that makes of itfelf no 
vifible alteration in them ; but this colourlefs impregnation, when 
the orpiment lixivium gets to it, becomes of a deep brown; the 
veflels themfelves appear fomewhat the darker. for it; but thefe 
dots, which are real openings, now are feen to be plainly fuch, 
the colour being perfectly vifiblein them, and much darker than 
in the veflels. This objeét muft be always viewed dry. - 


If a piece of the rind, thus impregnated, be gently rubbed 
between the fingers, till the parts are feparated, we fhall be able 
in one place or other to get a view of the veffels all round, and of 
the films which form the blebs between them. 


Every part of the rind, and every coat of it, even the inter- 
-flitial place between it’s innermoft coat and bark, are filled with a 
fine fluid. The very courle and progrefs of the fluid may be 
fhewn in this part, even by an eafy preparation: only that 


different rinds muft be fought for this purpote, the vellels in fome 
being 
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being larger thanin others. Repeated trials have {hewn me that 
the whole progrefs may be eafily marked in the three following 
kinds, with only a tincture of cochineal. 


Put half an ounce of cochineal; in powder, into half.a pint of 
fpirit of wine; fet it in a warm place, and fhake it often for four 


‘days; then filter off the clear tinéture. Put an inch depth of 


this into a. cup, and fet upright in it pieces of the rind of ath, 
white willow, and ozier, prepared as has been direéted, by mace- 
ration in water; for in that way one trouble does for a hundred 
kinds. Let an inch of the rinds alfo ftand up out of the tin@ure. 
After twenty-four hours take them out, clip off the part which 
was immerfed in the fluid, and fave the reft for obfervation. 


To PREPARE THE BLEA. 


Cut the pieces in a fit feafon, either juft before the firft leaves 
of fering, or in the midfummer fhooting time, Then we fee all 
the wonders of the ftruéture; the thoufands of mouths which 
open throughout the courfe of thele innumerable vellels, to pour 
their fluid into the interftitial matter. . 


Thefe veflels, which are in nature cifterns of fap for the feed- 
ing the growth of the whole tree, are fo large, that they are © 
capable of being filled with coloured wax, im the manner of the 
veflels in anatomical injections ; and this way they afford pleafing | 
objects for the microfcope, and give excellent opportunities of 
tracing their courle. and {truciure. 


Ww A Meruos 
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A METHOD OF FILLING THE SAP VESSELS OF PLANTS. 


A great many {hoots of the f{earlet and other oaks are to be 
taken off in the {pring; they muft be cut into pieces of about two 
inches in length, and immediately from the cutting they muft 
drop into fome warm rain water: in this they are to ftand 
twenty-four hours, and then be boiled a little. When taken out, 
they are to be tied on firings, and hung up in a place where the 
air pafles freely, but the fun does not fhine. When they are 
perfe€tly dry, a large quantity of green wax, fach as ts ufed for 
the feals of law deeds, is to be gently melted in an earthen pipkin 
fet in water ; the water to be heated and kept boiling. As foon 
as the wax runs, the fticks are to be put in, and they are fre- 
quently to be ftirred about. They muft be kept in this flate 
about an hour, and then the pipkin is to be taken out of the 
water, and fet upon a naked fire, where it is to be kept with the 
wax boiling for two or three hours; frefh fupplies. of the fame 
wax being added from time to. time, 


After this it is to be removed from the fire, and the fticks im- 
mediately taken out with a pair of nippers; when they are cold, 
the rough wax about them 1s to be broken off. Both ends of 
- each fick are to be cut off halfan inch long, and thrown away, 
and the middle pieces faved. Thefe are then to be cut in fmaller 
lengths, {moothed at the ends with a fine chiffel, and many of 
them {plit in various thicknefles. 


Thus are obtained preparations, not only of great ufe, but of 
a wonderful beauty. Many trees this way afford handfome ob- 
jets as well as the oak; and in fome, where the fap vellels are 

| few, 
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few, large, and diftinét, the fplit pieces refemble firiped fatins, 
in.a way {carce to be credited. It is in fuch that the outer coats 
of thefe veflels are moft happily of all to be examined. 


Tur METHOD OF PREPARING SALTS AND SALINE Supe 
STANCES FOR THE VIEWING THEIR CONFIGURATIONS. 


Diffolve the fubje€&t to be examined in no larger a quantity of 
river or rain water than is fufficient to faturate it; if it is a body 
eafily diffolvable, make ufe of cold water, otherwile make the 


water warm or hot, or even boiling, according as you find it 


neceflary. After it is perfeétly diffolved, let it refi for fome hours, 
till, if over-charged, the redundant faline particles aré pre- 
cipitaied, and fettle at the bottom, or fhoot into cryftals; by 
which means you are moft likely to have a folution of the fame 
ftrength at one time as at another; that is, a folution fully 
charged with as much as it can hold up, and no more: and by — 
thefe precautions the configurations appear alike, how often 
foever tried: whereas, if the water be lefs faturated, the pro- 
portions, at different times, will be fubje€t to more uncertainty ; 
and if it be examined before fuch feparation and precipitation of 
the redundant falts, little more will be feen than a confufed mais 


of cryftals. 


The folution being thus prepared, take up a drop of it with a 
goofe quill, cut in fafhion of a {coop, and place if on a flat flip of 


glafs, of about three quarters of an inch in width, and between 


thred and four inches long, fpreading it on the glafs with the 
quill, in either a round or oval figure, till it appears a quarter of 
an inch or more in diameter, and fo {hallow as to rife very little 

W 2, | above 
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above the furface of the glafs. When it is fo difpofed, hold it as 
level as you can over the clear part of a fire that is not too fierce, 
or over the flame of a candle, at a diftance proportionable to the 
degree of heat it requires, (which experience only can dircét) and 
watch it very carefully till you difcover the faline particles 
beginning to gather and look white, or of fome other colour, at 
the extremities of the edges; then having adjufted the microfcope 
before-hand for it’s reception, armed with the fourth glafs, which 
“1s the fitteft for moft of thefe experiments, place it under your 
. eye, and bring it exactly to the focus of the magnifier; and after 
running over the whole drop, fix syour attention on that fide 
where you obferve any increafe or pufhing forwards of cryftalline 
matter from the circumference towards ‘the center. 


This motion is extremely flow at the beginning, unlefs the drop 
has been over-heated, but quickens as the water evaporates, and 
in many kinds, towards the conclufion, ‘produces configurations 
with a fwiftnefs inconceivable, compofed of an infinity of parts, 
which are adjufted to each other with anelegance, regularity, 
and order, beyond what the exaéteft pencil in the world, guided 
by the ruler and compads, ean ever equal, or the moft luxuriant 
imagination*fancy. | 

When aétion once begins, the eye cannot be taken off, even 
for a moment, without lofing fomething worth obfervation ; for 
the figures alter every inftant, till the whole procefs is\ over; and 
in many forts, after all feems'at an end, new forms arife, different 
entirely from any that appeared before, and which probably are 
owing to fome {mall quantity of falt of another:kind, which the _ 
other feparates' from, and leaves to a&, after itfelf has done; and 

saa 


oe. 
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§n {ome fubje&ts three or four different forts are obfervable, few 
er none being fimple and homogeneous. 


When the configurations are fully formed, and all the water 
evaporated, moft:kinds of them are foon:deitroyed again by the 
moifture or a€tion of the air upon them; their points and angles | 
lofe their fharpnefs, ‘become uneven and defaced, and moulder as 
it were away; but fome'few are permanent, and sby ibeing in- 
clofed between glafles, they may ‘be preferved: months or even 
years. 


It happens oftentimes that a drop of a faline folution can 
hardly be fpread on the flip of glafs, by reafon of the glals's 
fmoothnefs, but breaks into little globules, as 1 would do were 
the furface greafy: the way to prevent this 1s, by rubbing the 
broken drop with your finger over the glafs, fo as to leave the 
elafs {meared with it; on which {meared place, when dry, ano- 
ther drop of the folution may*be-fpread ey eafily in what form 
one pleafes. 

It fometimes happens, that when a heated drop is placed 
properly for examination, the_ obferver finds he can diftinguifh 

. nothing; which is owing to faline {teams that rife from the drop 
cover, and obfcure the object glafs, and therefore mult imme- 
diately be wiped away with a foft cloth or leather. 


In all examinations by the microfcope of faline folutions, even 
though made in the day-time, you muft ule a candle; for the 
’ configurations being exceedingly tranfparent, are rendered much 
more diftinguifhable by the brown light a candle aflords, than by 
4 the 
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the more white and tranfparent day-light; and befides, either by 
moving the candle or turning the microfcope, fuch light may be 
varied or direfted juft as the fubjeét requires. 


It may be alfo proper to take notice, that no kinds of micro- 
_ {copes are fit for thefe obfervations, but fuch as have an open 
ftage, whereon the flips of glafs, with the liquor upon them, may 
be placed readily, and in a perfe&t horizontal pofition; and 
moreover, where they can be turned meal ly, freely, and without 
difordering the fluid. 


* ¥* *¥ : 
IYA* & * *® RG 
Re Mica ? 
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Gr ep plo Te 


Or INSECTS IN GENERAL, 


IN ae hiftory has been more cultivated in the pre- 
fent century than in all thofe which have preceded it. 
Many men, of the firft rank in literature, have not difdained to: 
become labourers in the vaft field which this fcience offers every 
day to the eyes of an accurate and attentive obferver. The 
animal, the vegetable, and the mineral kingdoms, have been 
examined with the greateft care; and that confufion and per- 
plexity, which, from a view of the immenfe variety of indivi- 
duals which each kingdom contained, it feemed natural to 
apprehend, has been removed, by introducing fy{tematrce order 
into this branch of {cience; by which means the various indivi- 
duals have been diftributed into clafles and genera, and we are 
now enabled to form diftin& and accurate ideas of them. To 
_ the fame fyftematic plan, and the nicety of dilcrimination which 
arifes from it, we are indebted for the difcovery and defcriptioa 
of many new fpecies in each kingdom. 


Amidft the numerous objetts which crowd in upon the natural 
hiftorian, and engage his attention, infects have not been neg- 
le€ted ; and though they are the moft numerous of the Baal 
tribe, and for the moft part very {mall, yet the knowledge of their 

nature 
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nature and wonderful ceconomy has been cultivated with unre- 
mitting ardour. Some authors have confined themfelves to 
divide and feparate them into various claffes, and defcribe their 
charaéteriftic differences : others have been employed in tracing 
their habits of life, or in exploring the wonderous mechanifm of 
their frame and ftructure ; fo that the nature, habits, and many 
peculiarities of their flate of life, are now well known. 


In number, fingularity of appearance, and variety of form, 
infects exceed every other part of animated nature. Earth, air, 
and water, are filled with hofts thereof, a far greater part of which 
are invifible to the naked eye ; but amongft all this variety, we 
perceive the fame regularity, and can trace the footfteps of that 
love and wifldom which fo ftrongly marks every work of God. 
In contemplating the works of the Cre:tor, we fhall always find 
his wildom and his love in pages written by his own co. hand, 
in characters legible to every eye. ees 


After an attentive examination of the nature and fabric of both 
the leaft and largeft animals, I cannot (fays the truly great and 
moft excellent Swammerdam) but allow the lels an equal, per- 
haps a fuperior, degree of dignity. Whoever duly confiders the 
conduct and inftin@ of the one, with the manners and actions of 
the other, muft acknowledge all are under the direétion and con- 
troul of a fupreme and particular intelligence ; which, as in the 
largeft it extends beyond the limits of our comprehenfion, efcapes 
our refearches in the fmalleft. If, while we difect with care the 
larger animals, we are filled with wonder at the elegant dif- 
pofition of their limbs, the inimitable order of their mutcles, 
and the regular direction of tlieir veins, arteries, and nerves; to- 

what 


eo 
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what an height is our aftonifhment raifed, when we difcover all 


thefe parts arranged in the leaft, in the fame regular manner. 


How is it poflible but what we muft ftand amazed, when we 
refle& that thofe little animals, whole bodies are {maller than the 
point of the difleéting knife, have mulcles, veths, arteries, and 
every other part common to the larger animals? Creatures fo 
very diminutive, that our hands are not delicate enough té 
manage, nor our eyes fufliciently acute to fee them. 

All beings are perfeét, confidered in themfelves: they all 
anfwer one end. |The determinations or qualities of each being 
are the means relative to this end. Thofe means which are of 
an exalted nature anfwer)a nobler or higher purpofe. The 
meafure of perfe€tion confifts in the relation which every being 


bears to the whole. 


When confidered with refpect to the Creator, all creatures are 
upon a level ; and yet, as creatures, even the moft defpicable 
bear fuch reiation to their Creator, as to make them highly va- 
luable to their fellow-creatures, who are themfelves only valuable 
by {haring and partaking of the Divine influence. As the har- 
mony and infinity of the eternal Artift are impreffed on all his 
works, and as outwardly we can find no bounds, fo inwardly we 


can find no end of art and beauty. * Let us then not fhght or 


deem that little, in which immenfity is fo confpicuous ; or that 
trivial) in which there is fuch a manitfeflation of infinite wifdom- 


and power :”* but let us rather 


K “ Maule 


* Brooke’s Univerfal Beauty, a poem. 
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* Mufe upon his fkill difplayed ; 
(Infinite {kill) in all that he has made! 

To trace in nature’s moft minute defign, 

The fignature and ftamp of pow’r divine ; 
Contrivance intricate, exprefs’d with eafe, 
Where unaflifted fight no beauty fees ; 

The fhapely limb, and lubricated joint, 
Within the {mall dimenfions of a point ; 
Mufcle and nerve miraculoufly fpun, 

His mighty work, who {peaks and it is done, 
Th’ invifible in things fcarce feen reveal’d, 

To whom an atom is an ample field. 

To wonder at a thoufand infect forms, 

Thefe hatch’d, and thofe refufcitated worms, 
New life ordain’d, and brighter {cenes to fhare, 
Once prone on earth, now buoyant upon air.” * 


The name of infe& has been appropriated to thefe fmall ani- 
mals on account of the fe&tions or divifions in the bodies of the 
greater number of them, from whence the parts feem to be 
joined together by a kind of neck. It is perhaps impoflible to 
find any general term that fhall embrace the whole genera of in- 
{e&ts, as many circumftances muft be defcribed before we can 
attain an exaét notion of thefe animals and their conftitution. 


Infe&ts are by moft writers confidered as divided into four 
principal parts; the caput or head, the thorax or trunk, the 
abdomen or belly, and artus or limbs: a perfe€t knowledge of 

| | | thefle 


* Cowper’s Poems, vol. I. p. 261. 
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thefe parts, and _ their feveral fubdivifions, is requifite for thofe: 
who are defirous of forming accurate ideas of thefe little animals, 
or who wih to arrange them in oie proper claffes. 


THE HEAD Is a ied to the thorax by a f{pecies of articulation 
or jomt; it is the principal feat of the fenfes, and contains the 
rudiments of the brain; * it is furnifhed with a mouth, eyes, an- 
tenn, a forehead, a throat, and ftemmata. In the greater part 
of infe&s the head is diftinéily divided from ‘the thorax, but in 
others it coalefees with it. The head of fome infetts is very 
large in proportion to their bodies; the proportion between the 
head of the fame infe& is not always the fame; im the caterpillars 
with horny heads it is generally fmall before they moult or 
change their {kim, but much larger. after each moulting. The 
hardnefs. of the exterior part of the head prevents it’s growth 
before the change, it is confequently, relative to the body, very 
fmall; but when the infe@ is difpofing itfelf for the change, the 
internal fubfance of the head retires inwards to the firft rimg of 
the neck, where it has room to expand itfelf; fo that when the 
animal quits the {kin, we are furprifed with a head twice the for- 
mer fize: and as the infeét neither eats nor grows while the head 


a: forming, there is this further circumftance to be remarked, 
' that the body and the head have each their particular time of 


growth. While the head expands and grows, the body does not 
grow at all; when-the body increafes, the head remains of the 
{ame fize, without any change. The heads of all kinds of infects 
form very pleafing as well as moft diverfified obje&ls for the 


opake EUCFOI OBE: a 
X 2 Nie Tie 


* Fabricius Philofophia Entomologica, p. 18. 
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THE MOUTH 1s a part of the infe€t to which the naturalift 
will find it neceflary to pay a very particular attention: Fabri- 
cius goes fo far as to: aflert, that without a thorough knowledge. 
of the mouth, it’s form, and various appendages, it will be im- | 
poffible ever to diferiminate with accuracy one infe@ from an- 
other. In the ftruéture of the mouth confiderable art and wif-_ 
dom is difplayed: the diverfity in the figure is almoft as great 
as the variety of fpecies. It is ufually placed in the fore part of 
the head, extending fomewhat downwards; in the chermes, 
coccus,-and fome,other’ infects, it is’ placed under the breaft. 
Some infects have their mouths armed with ftrong jaws, with 
which they bruife and tear their food: -however fine and delicate 
thefe organs may appear, they are really, hard, and in fome 
{pecies fufficiently ftrong to pierce the hardeft wood. Others are 
furnifhed with a kind of tube or tongue, at one timé moveable, | 
at another fixed.: with this they fuck the juices of the flowers, - 
In fome again the tongue is fo fhort as to. appear to. us incapable 
of anfwering the purpofe for which it was formed, and the oeftri 
appear to have no mouth, | 


The roftrum, or probofcis, is the mouth drawn out to a rigid 
point. In many infefts of the hemiptera clafs. it is bent. down: 
ward towards the breaft and belly.. 


The jaws are generally two in number, fometimes four, and 
at others more; they are placed in an horizontal dire€tion: the 
mner edge, in fome infeGts, is ferrated, or. furnifhed with fmall 
teeth, 


The tongue is in general a taper and compact inftrument, ufed. 
by the infect to extract the alimentary juices on which it feeds > 
fome 
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fome can extend or contraét it; others roll up their's with dex- 
terity ; in fome it is inclofed in a fheath, with the pointed end. of 
which they pierce the fubflances which contain their food, and 
then extract the juice with their tongue; in many it is placed in 
a groove under the belly ; taper and fpiral in the butterfly ; tubu- 
lar and flefhy in the fly; in fome it is. long, and. in others fhort, 
but in all affording a fund of amufement for the microfcope. 


M. De Geer * has given us an account of a very curious cir- 
eumftance concerning the tongue of the papillon de faules. + Hav- 
ing cut off the tongue from the butterfly, almoft as foon as it was 
emancipated from the chryfalis, it moved and rolled itfelf up.at 
intervals fora confiderable time: an hour after it had been. cut 
off, it repeated the fame motions, recommencing them every time 


it was touched. The fame effect does not follow if the butterfly. 


has been freed from the chryfalis a few days, 


_ SMhe ftruGture of THE EYE is, in all creatures, a moft admirable 

piece of mechanifm, but in none more fo than in thofe of infeéts : 
there is no part of thefe fmall creatures which exhibits more 
clearly the prodigious art with which they are organized, and 
fhews how many wonders efcape the natural fight of man.. The 
eyes are very different in different fpecies, varying, im number, 
fituation, connettion, figure, and fimplicity of conftruction. The 
greater part-have two eyes, but in the monoculus they approach 
fo near to each other as to appear like one; the gyrinus has four 


eyes, the feorpion fix, the fpider eight, and the {colopendra three.. 
| The 


: De Geer, Memoires pour fervir 4 L’Hiftoire des Infectes, tom. I. p. 77. 
+ Papilio Antiopa, Lin. Syft. Nat. p. 776, N° 165. 
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The eyes are generally convex; they have no eye-brows, the 
outer tunic is hard and tranfparent, having no external motion, 
the genus of canceri or crabs excepted. ‘The eyes of the greater 
number appear, when examined by the microfcope, to be cut 
into a multitude of little planes or facets, like the facets of a 
diamond, having to the naked eye the appearance of net-work. 
Each of thefe {mall facets is fuppofed to poffeis the powers and 
properties of an eye. Leeuenhoek counted 3181 of thefe facets 
in the cornea of a beetle, 8000 im thofe of a fly. As the eyes of 
infe€ts are immoveable, they would have loft fight of many ob- 
je€ts, if their eyes had been framed like thofe of other animals ; 
but by means of their multiplied eyes, they can eafily view fur- 
rounding objeéts: nor is it at all improbable, that, as obje€ts do 
not appear double to our eyes, but that they are ftrengthened, 
and many falfe appearances are corrected by the ule of both; fo 
the numerous inlets to fight in an infect may increafe their field 
of view, augment the intenfity of the light, and be produétive of 
other advantages, of which we can form no conception. The 
eyes of infeéts differ in colour, fome being found of every 
colour, and of inexpreffible beauty and brightnefs. 


The antenne are fine and flender horns, confifting of 
' feveral articulations, moveable in various direttions. ‘They are 
beautiful in form, of a delicate ftructure, and are placed in the 
fore part of the head: they vary in different infects, not only in 
their fhape, their length, their bulk, but alfo in the number ef 
their articulations. The antenne of the male infect generally 
differ from thofe of the female: they form one of the moft dif- 
tinguifhing charaéteriflics of infe€is, and one of the means of 
judging to what genus they belong. ‘The greateft number of 


6 infects 
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infects have only two antenne ; the onifcus, the pagurus, and. 
aftacus have four ; indeed Fabricius gives fix to the latter.* Of 
the ufe they are to thefe little animals, or the end of the Creator 
in forming them, we are altogether ignorant: fome writers have 
conje€tured that they were the organs of {mell and hearing ; others 
have fuppofed that they were appropriated to a feeling more 
delicate than our own, and fenfible to the leaft motion or dif- 
turbance in the ambient fluid in which they move: feveral in- 
fe€ts cover-their eyes with them when they take thew reft. They 
are charaéterized by naturalifts under the following names: 


 Seraceous are thofe that, like a briftle, grow gradually taper 
towards their point or extremity. 


FitirorM, thread shaped, and of an uniform thicknels. 


MonitirorM; thefe are of a regular thicknels, iiuie confift of 


_a feries of knobs, like a necklace of beads. . 


CLAVATED, formed like a club, increafing gradually from the 
bale to the extremity. | 


‘Cariratep; thefe are alfo formed like a club, but the laft 
articulation is larger than the ret, finifhing with a kind of capital 
or head. : 

Fissires; thefe are like the former, only that the head is di- 
vided into different parts or lamin. 


PERFOLIAT; 


* Fabricius Philofophia Entomologica, p. 19> _ 
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PERFOLIAT ; in thefe the head is divided horizontally, but 
the lamine are conneéted by a kind of thread pafling through 


their center. ° 


PecTINAT# ; thefe have pieces lateral Ex persleetie and ap- 
pear like a feather. | 


ARISTAT, fach as have a ier hair, whieh is either baleees 
or furnifhed with {maller hatrs. 


| Befides the foregoing terms, the antenne are called {hort (dre- 

viores) when they are fhorter than the body; medzocres, or 
middling, when they are of the fame length; and Jdongzores, 
when they are longer. 


Near the mouth there is alfo a fpecies of {mall filiform ar- 
ticulated antenne, called the papi, or feelers; they are gene- 
rally four in number, fometimes fix; they are placed under and 
at the fides of the mouth, which fituation, together with their 
fize, fufficiently diftinguifh them from the antenne; they are in 
continual motion, the animal thrufting them in every matter, as 
a hog would it’s nofe, when in fearch of food. Some have fup- 
pofed them to be a kind of hand to aflift in holding the food 


when it is near the mouth. 


THE FOREHEAD occupies the upper part of the head, between 
the eyes, the mouth, and the thorax. 


THE STEMMATA, or crown, three elevated fhining hemi- 
fpheric [pots refembling eyes, and placed upon the UPR part of 


the head, as in moft of the hymenoptera_ clafs. 
THE 
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THE TRUNK is fituated between the head ‘and the abdomen; 
the legs and wings are inferted into it ; but in order to diftinguifh 
the parts thereof more eafily, it is divided into the thorax, {cu- 
tellum, and fternum. 


THE THORAX is the upper part of the trunk; it is of various 
fhapes and proportions ; the fides and back of it are often armed 
with points. 


THE scuTELLUM, or efcutcheon, is the pofterior part of the 
thorax, and is generally of a triangular form ; though it adheres 
to the thorax, yet it is eafily diftinguifhed from it, by it’s figure, 
it's ule, and often by an intervening future; it appears defigned 
to affift in expanding the wings when the infe& is going to fly. 


Tue STERNUM 1s fituated on the inferior part of the thorax ; 
it is pointed behind in fome {pecies, and bifid in others. 

‘THE ABDOMEN contains the {tomach, the inteflines, the air 
veflels, the ovary, &c. it is affixed to the thorax, and in moft 
infe&ts diftin€ from it, forming the pofterior part of the body, 
being generally compofed of rings or fegments, by which the 
infect can lengthen or fhorten it, or even move it in different 
direétions. In fome fpecies it feems to be formed but of one 
piece. The upper part of the abdomen is called the tergum, 
the under part the venter; the anus is the polterior part of the 
abdomen. 


THE SPIRACULA are {mall oblong oval holes or pores; that 
are placed fingly, one on each fide of every ring of the abdo- 
ie mien ; 
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men ; through thefe the infe& is fuppofed to breathe: this fin- 
gular circumftance in their Cape ae another peculiar 
character of infects. ; 


Tue times, or the organs ufed by the infe€t for moving it’s 
body, and for defending itfelf, are the tail, the fling, the feet, the 
wings, the halteres or poifers. | 

THE TAIL terminates the abdomen, and is conftructed in a 
wonderful manner for anfwering the purpofes for which it is 
formed, namely, to direét the motion of the infe&t, to ferve as 
an inftrument of defence, or for depofiting the egas ; the figure 
and fize thereof varying in each genus and it’s families. In fome 
it is imple, Amplex, and yet capable of being extended or drawn 
back at pleafure. In others, elongata, elongated. Setaceous, 
fhaped like a briftle; trz/eta, with three appendages like briftles ; 
in fome it is forked, furcata; and in others it is furnifhed with a 
pair of forceps, forcipata; in the blatta and others it 1s folio/a, 
or like a leaf. In the fcorpion and panorpa it 1s ¢elifera, fur- 
nifhed with afting. Further particulars may be obtained from 
the Philofophia Entomologica of Fabricius. 


Acu.eus, or fting, an inftrument with which infe&ts wound 
and inftil a poilon ; the fting generally proceeds from the under 
part of the laft ring of the belly : in fome it is fharp and pointed, 
in others formed ike afaw. It is ufed by many infets both as 
an offenfive and defenfive weapon ; by others it is only uled to 
pierce the fubftances where they mean to depofit their eggs. 


PEDES, 
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PepEs, THE FEET.  Thefe are admirably adapted for 
their intended fervice, to give the moil convenient and proper 
motion, and from the variety in their conftruction, their various 
articulations, é&c. furnifh the microfcopic obierver with a great 
many curious and interefting’ objets: the molt general num- 
ber is fix; fome have eight, as the fpider; the crab has ten; the 
onifcus fourteen; the julus has from feventy to one hundred and 
twenty on each fide. The legs of thofe infects that have not 
more than ten, are affixed to the trunk; while thofe that exceed 
that number have part fixed to the trunk, the reft to the 
abdomen. ; 


The legs of infeéts are generally divided into four parts. The 
firft, which is ufually the largeft, is called the femur; the 
fecond, or tidza, is joined to the former, and is commonly of the 
fame fize throughout, and longer than the femur; this is fol- 
lowed by the third part, which is diflinguifhed by the name of 
tarfus, or foot; it is compofed of feveral joints, the one ajti- 
culated to the other, the number of the rings varying in different 
infeéts : the tarfus is terminated by the unguzs, or claw. 

The writers on natural hiftory, in order to render their 
defcriptions clear and accurate, have given feveral names to the 
legs of infeéts, from the nature of the motions produced by 
them. 

Thus curforii, from that of running; thefe are the molt 
numerous. 


The /altatorii, thofe that are ufed for leaping. 
| Yoos The 
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The natatorzz, thofe that ferve as oars for fwimming. The 
thighs of the faltatorw are remarkably large, by which means they 
have confiderably more flrength and power for leaping. The 
feet of the natatorw are flat, and edged with hairs; thus have a 
proper furface to ftrike againft the water, as in the dytifeus,. 
notoneéta, &c. ; 


Such feet as have no claws are termed mutTici. The chelz, 
or claws, are an enlargement of the extremity of the fore feet, 
each of which is furnifhed with two lefler claws, which a& like a: 
thumb.and finger, as in the erab. . 


The under part of the feet, in fome infeéts, 1s covered*with a 
kind of brufh or {ponge, by which they are enabled to:walk with 
eafe on the moft polifhed fubftances, and-in fituations from which 
it would feem that they muft neceflarily fall. 


“ They tread the ceiling, an inverted floor, 
And from it’s precipice depend fecure.” 


Many infeés-can only move the thigh in a vertical direétion’; 
while others can move it in various direftions. The progreflive: 
motion of infe@s, and the various methods employed to effect it, 
will be found a very curious and important fubjeét, and well 
worthy the attention of the natural hiftorian. ‘The mechanic will. 
not find it loft labour if he beftows fome time on the fame fub-. 
jet. Very little has been done on this head, and that principally 
by Mr, de Reaumur, in his. excellent Memoires; and by M. 
Weifs, in a memoir publifhed in the Journal de Phyfique for 
1771. The reader may alfo confult Borelli de Motu Animalium. 

| Motion: 
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Motion is one of the principal phenomena of nature, and as it 
were the foul of our fyftem; and is as admirable in the fmalleft 
animal as in the univerfe at large. It may not be amifs juft to 
notice here, that there are fome infeéts of the beetle kind, which 
contradiét an aflertion of Borelli’s, that an animal puts in action 
each foot on one fide before it moves thofe on the oppolite fide ; 
whereas thefe employ in walking the two. moft diftant feet on the 
fame fide, and the middle foot on the oppofite ; a method which 
is firm and natural. 


Tur wines, thofe organs by which the: infe@t is enabled to 
fly ; fome have only two} others are furnifhed with. four, two om 
each: fide ; thefe are in tome of the fame fize, in. others. the {u- 
perior ones are much larger than the inferior, The variety in the 
form and f{tructure of the wings is almolt infinite; the beauty of 
their colouring, the art with which they are conneéted. to. the 
body, the curious manner in which fome are folded up, the fine: 
articulations provided for this: purpofe, by which they are laid 
up in their cafes when out of ufe, and yet ready to be extended. 
in a moment for flight; together with the various. ramifications, 
by which the starlets juices are circulated; and the wing 
firengthened, afford a fund of rational inveflugation highly en-. 
tertaining, exhibiting, particularly when examined by the micro- 
fcope, a moft wonderful difplay of divine wifdom and power, 
The more delicate and tranfparent wings are covered and pro-. 
te€ted by nLy TRA, or cafes, which are generally. hard and opake, 
often highly polifhed, adorned with ornamental flutings, and 
ftudded' with brilliants. The-wings of moths and butterflies are 
moftly farinaceous, covered with a fine dult, that occafions thofe 


beautifil colours with which they are fo. elegantly painted ; for 
fnpped, 
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ftripped of thefe, the wing is tranfparent and colourlefs. By the 
affiftance of the microfcope, we difcover that this duft is a regu- 
lar afflemblage of organized icales, which will be more particu- 
larly defcribed hereafter. “A few of thefe, as feen in the micro- 
{cope, are exhibited in Plate 16, Fig. F E H I. 


The following names are made ufe of to defcribe the different 
kinds of wings. They are firft diftinguifhed, with refpeé to their 
furfaces, into SUPERIOR and INFERIOR. The part next the head 
is called. the ANTERIOR part, that neareft the tail the posTr- 
RIOR part. THE INTERIOR part is that next the abdomen; THE 
EXTERIOR part is the outermoft edge. 


Thofe wings are termed PLicATILES, which are folded when 


$i 


the infeét is at reft, as in the wafp. 
Pian 4&, thofe which are incapable of being folded. 


Erect, whofe fuperior furfaces are brought in contact when 
the infeét is at reft, as in the ephemera, papiliones, &c. 


Patentes, if they are extended horizontally when the imfeét 
is at reft, as in the phaleenve geometre. 


Incumsentss, thofe infe€ts which, when they are not in mo- 
tion, cover horizontally with their wings the fuperior part of the 
abdomen. 


Derex & ;. thefe are alfo incumbentes, but not horizontally, 


the outer edges declining towards the fides. , 
6. REVERS4, 


} 
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REVERSE are alfo deflexee, with this addition, that the edges 
_ of the inferior wing project from under the anterior part of the 
fuperior one. 


DenraT 4, with {colloped edges. 


CaupATs; in thefe fome of the fibres of. the wing are ex- 
tended beyond the pen into a kind id tail. 


ReticuLaAt, when the veins or membranes of ae wings a. 
on the appearance of net-work. 


The aus are further diftinguifhed-by their ornaments; being 
painted with fpots (macule), bands (fafoe ), ftreaks (firige): 
when thefe are extended lengthways, they are called. lines (linc) 5 
and if with dots, punéie; one or more rings are termed eyes,. 


ocellus ; if the {pots. are sae like a. ae ey are a 
ares 

wae shyarel or snifiactons ie of the ee are araarted! 
when: the infe&t flies, and fhut when it refts, forming a Jongi- 


tudinal future down the middle of the back; they are of various. 
ee and é are ees sua Be the following names : 


‘Ap REVIATA, as ae are thorter tse the abdomen: 


TRUNCATA,. ‘When: the Ae terminates In a tranfverfe 


‘dire line,. 2 


SERRATA,. 
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SERRATA, rae the extemal ‘margin Alived with ei or 
notches, | ° | ae 


Spite: when the exterior lurface 1 1s covered with, {mall fharp 
points. 


ScABRA, when it is very Bae 

STRIATA, oe with flender longitudinal furrows 
PorcatTi, having them longitudinal ridges. 
SuLcaTt, with deep furrows. 


Heme .yTrA, when the cales are neither fo hard.as the elytra, 
nor fo delicate as the tranfparent wmg. ~~ 


Under the wings of moft infe&ts, which have only two, there 
is a {mall head placed on a ftalk, frequently under a little 
arched fcale; thefe are called HatTERES, poifers; they appear to 
be rudiments of the hinder wings: it has been fuppofed that they 
ferve to keep the body in equilibrio when the infect is flying. 


The bodies of infeéts are covered with a hard {kin, which an- 
fwers the purpofe of an internal {keleton, and is one of the dif- 
tinguifhing characters of .an infeét.’ All quadrupedes, birds, and 
fifhes, have an internal fkeleton of bones to which the mufcles 
axe fixed; but the whole interior body of an infeé& is compofed 
of {oft flefh, and the mufcles are affixed to the exterior fkeleton 
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or fkin, which in thefe anfwer the purpofe of bones. The fkin 
ferves as a continent to the whole infect, covering the body, con- 


-neCting the parts, and maintaining them in their proper places. 


This external covering is very flrong in thofe infe€ts, which, by 
the nature of their life, are expofed to ftrong fri€tion, or violent 
compreffion ; but is more tender and delicate m thofe which are 
not fo expofed. The fkin of infeéts, like that of larger animals, 
is porous; the pores in fome fpecies are very large. Many 
infe€ts often change or caft off their fkin; this exuvia forms an 
excellent object for the microfcope. 


Another diftinguifhing criterion of infeéts is the colour of their 
blood, which is never red; this, at firft fight, feems liable to 
fome objeftions, on account of the drop of red liquor which is 
often procured from fmall infe&ts when {queezed or prefled to: 
pieces. It does not appear, however, that this is the blood of 
the little animal; when it exifted as a worm there was no fuch 
appearance, and’when they exift as a fly. it 1s only found in the 
eye, and notin the body, which would be the cafe if it circulated 
in the veins of the infe@s. It is probable there is a circulation of - 
fome fluid analagous to the blood in moft infeés: with the 
affiftance of the micro{cope this circulation may be perceived in 
many; but the circulating liquor is not red. 


To thele diferiminating charaéteriftics we may alfo add the fol- 
lowing particulars: 1. That: the body of infe&ts is divided by 
incifure, or tranfverfal divifions, from whence ney take their 
name, 


Zz | 9. That 
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2. That they are furnifhed with antenne, which are placed 
' upon the fore part of the head; thefe are jointed, and moveable 
in various dire€tions. 


® 


a 


9. That no infett in it’s perfe& flate, or after it has gone 
through all it’s transformation, has lefs than fix legs, though 
many have more. There are fome moths, whofe two fore feet 
are fo fmall as fearcely to deferve that name. A proper atten- 
tion to the nature and number of the feet of infects would tend 
to fix their real rank in that {cale of animated nature, which is 
handed down to us in the facred feriptures; a fcale which, from 
the lively reprefentations it holds forth, as well as their moral 
applications to the purpofes of life, and the fource from whence 
it is derived, fhews that it is replete with the moft important 
information. | 


4. That infe€ts have neither the organs of fmell nor hearing; 
at leaft they have not as yet been difcovered, though it is reported 
that Fabricius has lately found and defcribed the organs of hear- 
ing “in the lobfter. 


5« That they do not refpire air by the mouth, but that they 
infpire and exhale it, by means of organs which are placed on 
the body. 


_6. That they move the jaws from right to left, not up and 
down. | cy 


4. That they have neither eye-lid nor pupil. 
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‘To thefe we may alfo add, that the mechanifm refulting from 
the Lire of infects is not of fo compound a nature as in animals 
_of a larger fize. ‘They have leis variety of organs, though fome 
of the organs are more multiplied ; andit 1s by the number and 
fituation of thefe that their rank in the great {cale of beings is to 
be determined. 


Thefe chara&ers are often united in the fame infe€&t ; there are, 
however, fome fpecies in which one or two of them are wanting. 


Every microfcopic obferver, who wifhes to avail himfelf of the 
_ difeoveries of other writers, or to communicate intelligibly 

his own, will find it neceffary to make himfelf mafter of the 
various claffes, genera, &c. into which infects have been 
divided by Linnzus. All fyf{tems have their defetts, and it is 
highly probable that this may be the cafe with that of the 
celebrated Linnzus: but the purpofe of {cience is anfwered by 
ufing thofe difcriminations which are generally adopted. 


The following wes ten of the ra nieoth clafles may ferve as 
a foundation for this knowledge : a fuller account may be ob- 
tained by confulting the under-mentioned works. 


Inftitutions of Entomology, a tranflation of Linneus’s Ordines 
et Genera Infetorum, or Sy{tematic Arrangement of Infeéts, &c, 
by Thomas Pattifon Yeats. 


Fundamenta Entomologica, or an Introduétion to the Know- 
ledge of Infeéts, tranflated from. Linneeus by W. Curtis, author 
of the Flora Londinenfis, Botanical Magazine, «&c. 

i) : The 
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- The Genera InfeGtorum of Linnzus, exemplified by various 
Specimens of Englifh Infeéts, drawn from Nature, by James 
- Barbut. | 


Clafs the firft. Cotzortra. The infeds of this clafs have 
four wings; the upper ones, called the elytra, are cruftaceous, 
formed of a hard. bony fubftance, which, when fhut, form a 
longitudinal future down the back, as in the {carabaus, melolon- 
tha, or cockchaffer, &c. &c. 


2. Hemiptera. ‘Thele have alfo four wings; but the elytra 
are different, being’ half cruftaceous, half membranaceous: the 
wings do not form a longitudinal future, but extend the one over . 
the other, as in the gryllus, grafshopper, &c. 


3. Lepipoptera. Thofe which have four membranaceous 
wings covered with fine feales, as the butterflies and moths. 


4. Nevuroprera. Thefe have four membranaceous tranf{- 
parent wings, which are generally reticulated, asin the libellula, 
or dragon flies. 


5. Hymenoprera. Thele, like the preceding clafs, have 
four membranaceous wings; but the abdomen is furnifhed with a 
fling, as in the bees, wafps, &c. 


6. Diptera. Thefe have only two wings, as common houfe 
flies, gnats, &c. 
ox 


7. APs 
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5, Aptera, Thefe have no wings, as {piders, lice, acari, 


KC. 


Or THE TRANSFORMATION OF INSECTS, 

Infeéts are further diftinguilhed from other animals by the 
wonderful changes that all, except thofe of the aptera clafs, pais 
through. - Moft animals retain, during their whole life, the fame 
form which they receive at their birth; but infects go through 

.wonderful exterior and interior changes, infomuch that the fame 
' individual, at it’s birth and middle flate, differs effentially from 
that under which it appears when arrived at a flate of maturity ; 
and this difference is not confined to marks, colour, or texture, 
but is extended to their form, proportion, motion, organs, and 
habits of life. . 


The ancient writers of natural liftory were not unacquainted 
with thefe transformations, but the ideas they entertained of 
them were very imperfect, and often erroneous. It was not till 
towards the latter end of the laft century that any jult conception 
of this fubje€t was formed, and the myftery was then unveiled by 
thofe two great anatomifts Malphigi and Swammerdam, who 
obferved thefe infects under every appearance, and by diflecting 
them at the time juft preceding their changes, were enabled to 
prove that the moth and butterfly grow and ftrengthen them- 
felves, and that their members are formed and unfolded, under 
the figure of the infect we call a caterpillar ; and they alfo thewed, 
that it is not difficult to exhibit in thefe all the parts of the future 
moth, as it’s wings, legs, antenne, &c. and confequently. that 
the changes which are apparently fudden to oureyes, are gra- 


J 7 


: Alina =e dually 
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dually formed. under the {kin of the animal, and only appear 
fudden to us, becaufe the infect then gets rid of a cafe which had 
before concealed his real members. Thefe transformations 
clearly prove, that without repeated ¢xperience every thing in 
nature would appear a myftery: for who, on confidering by the 
mere light of nature or reafon a gnat or butterfly in their fly or 
perfect flate, could have difcovered the relation which in this 
flate and form it ‘bears'to the feveral changes of flate, and their 
correfponding forms, through which it has’ pafied,* and which are 
to appearance ‘as diflin€t as difference can make them, 


~The life of thofe infets which pafs through thele various 
changes, ‘may be divided into four principal parts, each of which 
will be found truly worthy of all the attention of ns microfeopic 
oblerver. 


The firft change is from the Ecc into the LARVA; or, as It is 
more generally called, into the worm or caterpillar. ~~ 


From the Larva it pafles into the pur, orchryfalis ftate. ,,° 
From the pupa into the imago or fly ftate. 


Few fubje€ts can be found that are more exprelffive of the ex:. 
tenfive goodnefs of Divine Providence, than thefe transformations, 


in which we find the occafional and cP icnmaga parts and organs 
sf 


* All is phenomenon, .and type on -earth, 
Replete with facred and myfterious birth. 


Brooke’s Univerfal Beauty, b. v. 
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of thefe little animals fuited and adapted with the moft minute 
exaGinels to the immediate manner and convenience of their ex~ 
iftence ; which again are f{hifted and changed, upon the infects. 
commencing a new Icene and flate of action, 

In it’s larva {tate the infe& appears groveling, heavy, and vo- 
yacious, inthe form of a worm, with a long body, compofed of 
fucceffive rings; crawling along by the affiftance of thefe, or 
fmall little hooks, which are placed on the fide of the body. _ It’s 
head is armed with ftrong jaws, it’s eyes {mooth, entirely deprived 


-of fex, the blood circulating from the hind part towards the 


head. It breathes through {mall apertures, which are fituated on 
each fide of the body, or through one or more tubes placed in the 
hinder part thereof. While it is in the larva flate, the infeé& is as 
it were mafked, and it’s true appearance concealed; for under 
this.mafk the more perfeGt form is hidden from the human eye. 


In the pupa flate the infect may be compared to a ehild in 
fwaddling clothes ; it’s members are all folded together under the — 
breaft, and inclofed within one or more coverings, remaining 
there without motion. «While in this flate, no nfeg but Hele 
of the hemiptera clafs: take any nourifhment. This change is 

effecied various ways; in lome infects the fkin of the larva opens, 
and leaves a paflage, with all it’s integuments; in others, the 
{kin hardens and becomes a fpecies of cone, which entirely con- 
ceals the infeGs; others form or fpin cones for themielves, and: 
in this ftate they yemain till the parts have acquired fuflicient 
firmnels, and are ready to perform | their feveral offices. 


The 
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The infeét then cafts off the fpoils of it’s former ftate, and. 
appears in it’s imago or perfect form, for it has now attained the 
{tate of organical perfeétion, which anfwers to the rank it is to 
hold in the corporeal world... They are now furnifhed, with 
wings, magnificently adorned; foar above and defj pue their 
former purfuits, wing the foft air, chufe their mates, and tranf- 
mit their nature to.a fucceeding race.- Their members, which in 
the preceding {tate were wrapped up, foft, and, motionlefs, now: 
difplay themfelves, grow ftrong, and are put in exercife. The 
interior changes are as confiderable as thofe of the exterior form,, 
and that in proportion as the firft {tate differs from the lafi; fome 
organs acquire greater {trength and firmnels, others are rendered 
more delicate, fome are fuppreffed, and fome unfolded, which 
did not feem to, exift in the former ftages of it's life. 


« Who that beholds the fummer’s glift’ning fwarms, 
Ten thoufand thoufand gaily gilded forms, 

In volant dance of mix’d rotation play, 

Bafk in the beam, and beautify the day ; 

Who'd think thefe airy wantons fo adorn, 

Were late his vile antipathy and {corn ; 

Prone to the duft, or reptile thro’ the mire, 

And ever thence unlikely to afpire ? 

Or who, with tranfient view beholding, loaths 
Thofe crawling fe€ts, whom vileft femblance cloahs: 
Who with corruption hold ‘their kindred flate, 

As by contempt, or negligence of fate; 

Could think that fuch, revers’d: by wond’rous doom, 


Sublimer pow’rs and brighter forms affume ; | 
| From 
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From death their future happier life derive, 

And, tho’ apparently entomb’d, revives 

Chang’d, thro’ amazing tranfmigration, rife, 
' And wing the regions of unwonted {kies,”* 


Or THE LARVA STATE. 


As the larvee (caterpillars) of the moth and butterfly + form the 
moft numerous family among the tribe of infects, and have been 
more particularly obferved than any other kind, perhaps on ac- 
- count of the ufefulnefs of one of their number, and are therefore ~ 
beft known, we fhall firft defcribe them, and their various 
changes from this ftate to their laft-and perfeét form, and then 
proceed to thofe infe€ts which differ moft from the caterpillar in 
one or all of their various changes. 


The greater part of thofe infefts which come forth in 
{pring or fummer perifh or difappear at the approach of 
winter; there are very few, the period of whole life exceeds 
that of a year; fome furvive the rigours of winter, being 
concealed and buried under ground; many are hid in the 
bark of trees, and others in the chinks of old walls; fome, like 


Aa the 


* Brooke’s Univerfal Beauty. - 


+ The butterflies are diftinguifhed from the moth by the time of their flying abroad, 
and by their antennze ; the butterflies appear by day, their antenna are generally 
terminated by a little knob; the moths fly mofily in the evening, and their antenne 

are either fetaceous er peCtinated. 
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the caterpillar of the brown-tailed moth,* which was fo uncom-. 
monly numerous and deftruétive near London, in the year 1782, 
at the approach of winter not only: fecure and ftrengthen: the web. 
in which the fociety habit, and. thus proteCt; themfelves. from. 
impertinent intruders, but each individual alfo {pins a café for it- 
felf, where it refts in torpid fecurity, notwithftanding the in- 
clemency of the feafon, till: the {pring animates it airefh, and: 
informs.them that the all-bountiful, Author. of nature has provided: 
food convenient for them. Many that are hatched‘in the autumn, 
retire and live under. the earth during the winter months, but in; 
the {pring come out, feed, and proceed. onward-to their. feveral: 
changes; while no {mall part. pafs the colder months in their, 
chryfalis, or pupa, {tate :. but the greater number of the caterpillar: 
race remain in the egg, being carefully depofited by the parent: 
fly in thofe places where they will be hatched with the greateft: 
fafety and fuccefs; in this {tate the latent-principle of life is pre-- 
ferved till the genial influences of the {pring call, it into a€tion;, 
and bring forth the young ifeét to {hare the banquet.that nature. 
has provided ; then wherever we turn, or wherever we move, we: 
find this infeét in one fhape or another. 


« When firft breaks forth the bright enliv’ning ray ; 
a 
The gay, the quick’ning infe&ts mfe,. 

And ailtied fquadrons firike our wond'ring eyes ; . 
Mufic flies wanton from ten thoufand'wings;. 


And. life-and joy. through ew ly. region rings.’—= f° 


All 


*. Curtis’s fhort hiftory. of the brown-tailed moth,. 


. t- Brooke’s Univerfal Beauty, . 
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All caterpillars aré hatched from the egg, and when they firft 
proceed from it are generally fmall and feeble, but grow in 
ftrength as they increale in fize. ‘The body of the caterpillat 1S 
divided into twelve rings ; the head is conneéted with the firft, 


and is hard and cruftaceous. No caterpillar of the moth or but- 


terfly has lefs than eight, or more than fixteen feet ; thofe which 


have more than fixteen are not the larva of the moth or butterfly ; 
the fix firft feet are cruftaceous, pointed, and fixed to the three 


firft rings of the body ; thele feet are the covering to the fix 
future feet of the moth; the other fix feet are foft and flexible, 
or merbranaceous ; they vary both in figure and number, and are 


proper only to the larva ftate: with refpect to their external 


figure, they are either {mooth or hairy, foft to the touch, or hard 
like fhagreen, beautifully adorned with a great variety of the 


‘moft lively tints; on each fide of the body nine little oval holes 


are placed, which are generally confidered as the organs of 
refpiration. ‘There are on each fide ‘of the head of the caterpillar 
five or fix little black fpots, which are fuppofed to be it’s eyes. 
Thefe creatures vary in fize, from half an inch long to four 


and five inches. 


The caterpillar, whole life is one continued fucceffion of 


changes, often moults it's {kin before it attains it’s full growth. 


Thefe changes are: the more fingular, becaufe when the cater- 
pillar moults, itis not fimply the {kin that is changed; for we 
&nd in the exuvia the fkull, the jaws, and all the exterior parts, 
both fcaly and membranaceous, ‘which compofe it’s upper and 
under lip, it’s antenne, palpi, and even thofe cruftaceous pieces 
within the head, which ferve as a fixed bafis to a number of - 


“mufcles; we further find in the exuvia, the fpiracula, the claws, 


Aa 2 and 
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and fheaths of the anterior limbs, and in general all that is vifible 
of the caterpillar. | 


The new organs were under the old ones as in a fheath, fo 
that the caterpillar effe€ts the changes by withdrawing itfelf from 
the old {kin, when it finds itfelf lodged in too narrow a compafs. 
But to effet this change, to pufh off the old covering, and bring 
forwards the new, is a work of labour and time. Thofe cater- 
pillars who live in fociety, and have a kind of neft or habitation, 
retire there to change their fkin, fixing the hooks of the feet, 
during the operation, firmly in the web of their neit. Some of 
the folitary fpecies {pin at this time a flender web; to which they 
affix themfelves. A day or two before the critical moment ap- 
proaches, the infect ceafes to eat, and lofes it’s ufual activity ; 
in proportion as the time of change approaches, the colour of the 
caterpillar becomes more feeble, the {kin hardens and withers, 
and is foon incapable of receiving thofe juices by ‘which it 
was heretofore nourifhed and fupported. The infeét may now 
be feen, at diftant intervals, to elevate it’s back, and ftretch itfelf 
to it’s utmoft extent ; fometimes to lift up the head, move it a 
little from fide to fide, and then let it fall again; near the change, 
the fecond and third rings are {een to {well confiderably ; by thefe 
- ynternal efforts the old parts are firetched and diftended as much 
as poffible, an operation which is attended with much difficulty,, 
_ as the new parts are all weak and tender. However, by repeated! 
exertions, all the veflels which conveyed the nourifhment to the 
exterior {kin are difengaged, and ceafe to att, anda {lit is. made 
on the back, generally beginning at the fecond or third ring; the 
new {kin may now be juft perceived, being diftinguilhed by the: 
frefhnefs and brightnefs of it’s colour; the caterpillar then prefles. 

| | the 
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the body like a wedge into this flit, by which means it is foon 
opened from the firft down to the fourth ring ; this renders it large 
enough for the infect to pals through, which it foon effeéts in a 
very curious manner. ‘The caterpillar generally fafts a whole 
day after each moulting, for it is neceflary that the parts fhould 
acquire a certain degree of confiftency, before it can live and att 


in it’s ufual manner; many alfo perifh under the operation. 


The infe&t always appears much larger after it has quitted the 
exuvia; the body had grown under the old fkin, till it was be- 


--¢ome too large for it: now as the growth was gradual, and the 


parts foft, the {kin prefféd them together, fo that they lay in a 
{mall fpace; but as foon as the fkin is caft off, they are as it 
were liberated from their bonds, and diftend themfelves con- 
fiderably. Some caterpillars, in changing their {kin, from f{mooth 
become covered with fine hair ; while others, that were covered 
with this fine hair, have the laft {kin fmooth.* 


Or THE PupPpa. 


Before we defcribe the change of the larva into the pupa flate, 
it will be neceflary to give the reader an account of thofe names 
by which naturalifts-diftinguifh the different appearances of infects 
im the pupa fiate. 


It is called cOARCTATA, when it is ftraitened or confined to: 
a cale of a globular form, which has no refemblance to the infe&t 
at contains. 


It 


* Valmont de Bomare DiGtionnaire Univerfel d’Hiftoire Naturelle, vol. u. 
2d edit. 12mo. p. 394. 
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It is called ontecra, difguifed or fhrowded, when the infe@t is 
enveloped in a cruflaceous covering, confifting of two parts, one 
of which furrounds the head and thorax, the -other the abdomen. 


It is termed incomPLETA, ‘when the pupa has perceptible 
wings and feet, but-cannot move them, 


SEMICOMPLETA ; thefe can walk or run, but have only the 
tudiments of wings. The difference between the pupa and the. 
Jarva of this clafs is very inconfiderable, as they eat, walk, and 
at, juft as they-did in their primitive ftate ; the only remarkable 
difference is a kind of cafe, which-contains the wings that are to 


‘be developed in their fly flate. 


Compieta; thofe defigned by this name take their perfeét 
form at their birth, and do not pafs, like other infects, through 
a variety of ftates, though they often change their fkin. 


It is a general rule, that all winged infeéts pafs through the 
larva and pupa ftate before they aflume their perfect form: there 
are alfo infects which have no wings, and yet undergo fimilar 
transformation, as the bed bug, the flea, &c. Other infects, 
which have no wings, and which always remain without them, 
never pafs through ay pupa itate, but are fubje& to confiderable 
changes, as well with refpeét to the number as the figure of their 
parts, thus mites have four pairof feet, and two {maller ones at 
the fore part of the body, near the head; yet fome of thefe are 
born with only three pair of feet, the fourth is not perceived till 
fome time after their birth.* “The figure of the monoculus 

quadri- 


* De Geer Memoires pour fervir 4 ’Hiftoire des Infetes, tom. 1. p. 154. 


MicroscopicAn Essays, 199. 


quadricornis of Linnzus (Fauna Suecica, edit. Stockholm, 1761, 

‘No: 2049), changes confiderably after it’s. birth.* The julus is 
an. infe&t with a great number of feet, fome fpecies. having an 
hundred pair and upwards,. M. De Geer has given a-defcription 
of one with more than two hundred pair,t and yet thefe at their 
birth have only-three pair, the refl. are not perceived till fome 
time after.. 


We fhall’ now return.to the caterpillar, and take notice: of the: 
care and provifion it. makes to pafs from the larva: {late into. that 
of the pupa, archryfalis; which is, in general, a. {tate of imper- 
feGtion, inaftivity, and. weaknefs, through which the infe@, 
when, it has obtained:a proper-fize, muft pafs; and in which 
it, remains often for months, fometimes for a: whole year, ex-. 
pofed, without any:means of elcaping, to every. event; and in 
which it receives the neceflary preparations for it’s perfect ftate,. 
and is:enabled once more to appear upon the tranfitory {cene of- 
time.. During it’s paiiage from one flate to the-other, as well as 
when it is in the pupa form, the microfcopical obferver will find. 
many opportunities of exercifing his inftrument.. 


‘The tranfitions of the caterpillar from one ftate to another, are> 
to it>a fubje&t of the molt interefting nature; for in paffing 
through them, it often.runs the rifk of lofing its life, and life is. 
the greatelt boon the Creator can-beftow ; it is ever accompanied 
with a degree of delight proportioned to the ftate in. which the- 
creature exifts, and the ufe it makes of the gift it has received, If 
the caterpillar. could therefore forefee the efforts and exertions it: 

: | mult: 

* De Geer Memoires-pour fervir a ?Hiftoire des InfeCtés, tom. 1, p. 155.- 


+: Memoires des Sgavans etrangers, tom. 3, p. 63... 
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muft make to put off it’s prefent form, and the flate of weak-— 
nels and impotence under which it muft exift while in the pupa 
ftate, it would undoubtedly chufe the moft convenient place, the 
molt advantageous fituation, for the performance of this arduous 
operation; one where it would be the leaft expofed to danger, 
when it had neither ftrength to refill, nor fwiftnels to avoid the 
attack of an enemy. ) 


All thefe neceflary inftru€tions the caterpillar receives from 
the influence of an all-regulating Providence, which conveys the 
proper information to it by it’s own fenfations: hence, when the 
critical period approaches, it proceeds as ifit knew what would 
be the refult of it’s operations. Different {pecies prepare them- 
felves for this {tate in different ways, fuited to their nature and 
the length of time they are to remain in this flate. 


When the caterpillar has attamed to it’s full growth, and 
the parts of the future butterfly are fufficiently formed beneath 
it’s {kin, it prepares for it’s change into the pupa ftate ; it feeks for | 
a proper place in which to perform the important bufinefs: the — 
different methods employed by thefe little animals to fecure this 
State of reft, may be reduced to four: 1. Some {pin webs, or 
cones, in which they inclofe themfelves; 2. Others conceal 
themfelves in little cells, which they form under ground; 9. Some 
fufpend themfelves by their pofterior extremity ; 4. While others 
are fufpended by a girdle that goes round their body. We thall 
defcribe the variety in thefe, as well as the induftry ufed in con- 
{tru€ting them, after we have gone through the manner in which 
the caterpillar prepares itfelf for and pafles through the pupa 


ftate. 
4 Preparatory 
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Preparatory to the change, it ceafes to take any food, empties 
itfelf of all the excrementitious matter that is contained in the ; In- 
teftines, voiding at the fame time the membrane which ferved as 
a lining to thefe and the ftomach. It generally perfeveres in a 
{tate of reft and inattivity for feveral days, which affords the ex- 
ternal and internal organs that are under the {kin an opport tunity 
of gradually unfolding themfelves. In proportion as the change 
into the pupa form approaches, the body is obferved often to 
extend and contract itfelf; the hinder part is that which is firft 
difengaged from the caterpillar fkin; when this part of the body 
is free, the animal contraéts and draws it up towards the 
head ; it then liberates itfelf in the fame manner from the two 
fiicceedine rings, confequently the infect is now lodged in the 
fore part of it’s caterpillar covering ; the half which is abandoned 
remains flaccid and empty, while the fore part is fwoln and dift- 
tended. The animal, by flrong efforts, {till forcing itfelf againit 
the fore part of the fkin, burfts the fkull into three pieces, and 
forms a longitudinal opening in the three firft rings of the 
body; through this it proceeds, drawing one part after the 
other, by alternately lengthening and fhortening, {welling and 
contraéting the body and different rings; or elfe, by pulhing 
back the exuvia, gets rid of it’s odious reptile form, 

The caterpillar, thus {tripped from it’s fkin, is what we call 
the pupa, chryfalis, and aurelia, in which the parts of the future 
moth are inclofed in a cruftaceous covering, but are fo foft; that 
the flighteft touch will difcompofe them. The exterior part of 
the chryfalis is at firft exceedingly tender, foft, and partly tranf- 
parent, being covered with a vifcous fluid; this foon dries up, 
thickens, and forms a new covering for the animal, capable of 
: Bb © refiit- 


202 MicROSCOPICAL Essays, 


refifting external injuries; a cafe, which is at the fame time the 
fepulchre of the caterpillar, and the cradle of the moth; where, 
as under a veil, this wonderful transformation is carried. on. 


The pupa has been called a chryfalis, or creature made of gold, 
from the refplendent yellow colour with which fome kinds are 
adorned. M. de Reaumur has {hewn us whence they derive this 
rich colour; that it proceeds from two fkins, the upper one a 
beautiful brown, which lays upon or covers a highly- -polifhed 
and {mooth white fkin : the light refleGted from the laft, in paffing 
through, gives it the golden yellow, in the fame manner as _ this 
colour is often given to leather ; fo that the whole appears gilded, 
although no gold enters into the tm@ure. The chryfalis of the 
common white butterfly furnifhes a moft beautiful objeét for ate 
lucernal opake microfcope. 


Thofe who are defirous to difeover diftin@ly the various mem= 
bers of the moth in the pupa, fhould examine it before the fore- 


mentioned fluid is dried up, when it will be found tobe only the - : 


moth, with the members glued together; thefe, by degrees, ac- 
quire fufficient force to break their covering, and difengage them- 
felves from the bands which confine them.. 


To examine the moth concealed under the fkin of a caterpillar, 
one of them fhould be taken at the laft change; when the {kin 
begins to open, it fhould be drowned in fpirits of wine, or fome 
flrong liquor, and be left therein for fome days, that it may 
take more confiftency and harden itfelf; the fkin of the cater- 
pillar may thenbe eafily removed: the chryfalis, or feeble moth, 


will be firkt difcovered, after which the tender moth may be 
traced: 


MicroscoricAL Essays, 203 


traced out, and it’s wings, legs, antenne, &c, may be opened 
and difplayed by an accurate obferver. 


The parts of the moth, or butterfly, are not difpofed exatily 
in the fame manner in the body of the caterpillar, as when left 
naked in the chryfalis. The wings are longer and narrower, 
being wound“up into the form of a cord, and the antennz are 
rolled up on the head; the tongue is alfo twifted up and laid 
upon the head, but ina very different manner from what it is in 
the perfe€t animal, and different from that which it lies in 
within the chryfalis; fo that it is by a progreffive and gradual 
change, that the interior parts are prepared for the moth and 
pupa flate. The eggs, hereafter to be depofited by the 
moth, are alfo to be found not only in the chryfalis, but in the 
caterpillar itfelf, arranged in their natural and regular order. 


The time which the moth, or butterfly, remains in the pupa 
flate is not always the fame, varying in different fpecies, and de- 
pending alfo upon the warmth of the weather, and other adven- 
titious circumftances ; fome remain in that fituation for a few 
weeks; others do not attain their perfeét form for eight, nine, or 
eleven months : this often depends on the feafon in which they 
aflume the pupa form, or rather on the time of their birth. 
Some irregularities are alfo occafioned by the different tem- 
perature of the air, by which they are retarded or accelerated, fo 
us to be brought forward in the feafon beft fuited to their nature 
and the ends of their exiftence. I have heard of an inftance, 
where the pupa produced from caterpillars of the fame eggs, nou- 
rifhedin the fame manner, €nd which all {pun up within afew days 


_of each otherin the autumn, came intothe fly flate at three different 


Bb 2 and 
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and diftant periods, viz. one-third of them the fpring following 
their change, one-third more the fucceeding {pring, and the 
remainder the {pring after; making three years from their firft 
hatching ;, a further and manifeft proof of the beauty and wif- 
dom of the laws of Divine order, which are continually operating 
for the beft interefts of all created beings. As the transformation 
of infects is retarded by cold, and accelerated by heat, the 
ordinary period of thefe changes may fometimes be altered, by 
placing them in different degrees of heat or cold; by thefe they 
may be awakened fooner to a new {late of exiftence, or kept in 
one of profound f{leep.* 


There are fome caterpillars who remain in their cone eight or 
nine months, before they become complete chryfalifes; fo that 
their duration in the pute {tate is much fhorter than it-naturally 
appears. to be. 


As foon as the moth acquires fufficient ftrength to break the 
bonds which furround it, and of which it is informed by it’s 
internal fenfations, 1t makes a powerful effort to efcape from it’s 
prifon, and view the world with new-formed eyes. The moth 
frees itfelf from the pupa with much greater eafe than the pupa 
from the caterpillar ; for the cafe of the pupa becomes fo dry, 
when the moth is near the time of throwing off it’s covering, that | 
it will break to pieces if it be only gently prefled between the 
fingers ; and very few of the parts will be found, on examination, 
to adhere to the body. Hence when the infe&t has acquired a 
proper degree of folidity, it does not require any great exertion 
to {plit the membrane which covers it. A {mall degree of 

motion, 


* Reaumur Memoires fur les Infe&tes, tom. 2, mem. 4. 
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motion, or alittle inflation of the body, is {ufficient for this purpofe; 


-thefe motions reiterated a few times, enlarge the hole, and afford 


the moth room to efcape from it’s confinement. The opening 
through which they pafs is always at the fame part of the {kin, a 
little above the trunk, between the wings and a {mall piece which 
covers the head; the different filfures are generally made in the 
lame dire€tion. If the outer cafe is opened, it is eafy to difcover 
the efforts the infeét makes to emaneipate itfelf from. it’s fhell ; 
when the operation begins, there feems to be a violent agitation 
in the humours contained in the little animal; the fluids {eem to 
be driven with rapidity through all the vellels, and it is feen to 


agitate it’s legs, &c. as it were ftruggling to get free; thefe 


efforts, as we have already faid, foon break it’s brittle {kin. 


The loofening the exterior bands of the pupa is not the only 
difliculty many moths have to encounter with; it has often alfo. 
to pierce the cone, or cafe, in which it has been inclofed, and 


‘that at a time when it’s members are very feeble, when it is no 


longer furnifhed with ftrong jaws to pierce and cut it’s way’ 
through; but, by the regular laws of Divine order, means are. 
furnifhed to every creature of attaining the end for which it was. 
produced: thus, in the prefent cafe, fome of thefe infe€ts are 
provided with a liquor with which they foften and weaken the 
end of the cone; fome leave one end feeble, and clofe it only 
with a few threads, fo that a flight effort of the head enables the 
moth to burft the prifon doors, and immerge into day. 


When the moth firft fees the day, it is humid ane moift; but 
this humidity foon evaporates, the interior parts dry and harden: 


as well as the exterior; the wings, which are crumpled, or thick 
and: 
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and {mall, extend themfelves, are ftrengthened and hardened in- 
fenfibly, and the fibres which were at firft flexible become hard 
and ftiff; even fo ftiff, that Malphigi confidered them as bones: 
in proportion as thefe fibres harden, the fluid which circulates | 
within them, and extends the wings, lofes it’s force; fo that if 
any extraneous circumftance prevents the motion of this fluid, at 
the firft inftant of the moth’s efcape from it’s former {ftate, 
the wing will then become ill-fhaped; often expanding with 
fuch rapidity, that the naked eye cannot trace it’s unfold ng, 
The wing, which was fcarce half the length of the body, acquires 
in a few minutes it’s full fize, fo as to be nearly five times as large 
as they were before: nor is it the wings only ,which are thus in- 
creafed; all their {pots and colours, heretofore fo minute as to be 
' {earce difcernible, are proportionally extended, fo that what be- 
fore appeared as only fo many unmeaning and confufed points, 
become diftinét and beautiful ornaments; and thofe that are 
furnifhed with a tongue, or trunk, curl and coil it up. 


When the wings are unfolded, the tongue rolled up, the 
moth fufficiently dried, and the different members flrengthened, 
it takes it’s flight. Moft of them, foon after they have attained 
their perfe@t ftate, void an excrementitious fubftance, which 
M. de Reaumur thinks is the laft time of their doing it; that they 
rejeét very little, if any, during the reft of their lives. One 


If the moth is opened down the belly, and the fatty parts 
which fill it are removed, the grofs artery, which has been called 
the heart, will be vifible, and the contra€tions and dilations, by 
which it pufhes forwards the liquor it contains, may be eafily ob- 
ferved. One of the moft remarkable circumftances is, that the 

6 | circula- 
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eirculation of this fluid in the moth is dire€tly contrary to that 
which took place in the caterpillar; in this the liquor moved 
from. the tail to the head, whereas in the moth it moves from the 
head to the tail; fo that the fluid which anfwers the purpoles of 
the blood in the moth, goes from the fuperior towards the infe- 
rior parts; but in the veracious fenfual caterpillar the order is 
inverted, it proceeds from the inferior towards the fuperior 


parts. 


The food. of the eaterpillar is grofs and folid, and even this it 
is obliged to earn with much labour and danger; but when. 
freed as.it were from the jaws of death, and arrived at it’s. perfect 
form, the pureft ne€tar is it’s portion, and the air it's element. It 
was fupplied with coarfe food, im the firft ftate, by the painful. 
operation of it’s. teeth, which was afterwards digefted by a violent 
trituration of the ftomach. The inteftines are now formed in a: 
more delicate manner, and. fuited' to a more pure and elegant 
aliment, which nature has prepared for it’s ufe, from the moft: 
fragrant and beautiful:flowers. Many internal parts of the cater-. 
pillar difappear in the ehryfalis, and many that could not be 
perceived before are now rendered vifible : the interior changes 
are not lefs furprizing than thofe of the exterior form, and are... 
properly fpeaking, creative ef them; for it is. from thefe the 
exterior form originates, and to thefé it always correfponds. In. 
a word, the creature that heretofore crept upon the earth, now 
flies freely through the air; and far from creating our averlion by’ 


it’s frightful prickles and foul appearance, it attracts. our notice 


by the moft elegant fhape and cloathing.* 


Yon: 


® Swammerdam’s Book of Nature,. p: 10.. 
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Yon maggot, vileft offspring of the earth, 
Anfwers the genial bafenefs of his birth : 
Lo! where he rolls and baitens with delight 
In filth, to {mell offenfive, foul to fight! 
Well pleas’d he drinks the ftench, the dirt devours, 
And prides him in the puddle of his pow’rs ; 
Carelefs, unconf{cious of the beauteous gueft, 
Th’ internal {peck committed to his breaft ; 
Yet in his breaft th’ internal {peck grows warm, 
And quickens into motion, life, and form: 
Far other form than that it’s fofterer bore, 
High over it’s parent worm ordain’d to foar. 
The fon ftill growing as the fire decays, 
In radiant plume his infant form arrays ; 
Matures as in a foft and filent womb, 
Then op’ning, peeps from his paternal tomb ; 
Now ftruggling, breaks at once into the day, 
Tries his young limbs, and bids his wings difplay; - 
Expands his lineaments, ere€ts his face, 

- Rifes fublime o’er all the reptile race; 
From dew-dropt bloffoms fips the neétar'd fiream, 
And bafks within the glory of the beam.* 


The induftry of the caterpillar, in fecuring itfelf for it’s change 
into the chryfalis, muft not be pafled by; not only becaute they 
naturally lead the reader to confider and admire that Divine 
agency by which they are informed, but becaufe the different 


modes they make ufe of cannot be properly inveftigated, without 
the. 


* Brooke’s Redemption. 


MicroscoPpicAL Essays. 209 


the afliftarce of glaffes, and are confequently a proper fubje& for 
the microfeope; we fhall fele& from a great var lety, a few 
inflances, to animate the eed in 1 thele refearches. 


Some caterpillars, towards the ote of their change, fufpend 
themfelves from the branch of a tree, with the head downwards : 
in this pofition they affume the pupa form, and from thence im- 
merge a butterfly or moth. In order'to fufpend itfelf in this po- 
fition, the infec covers with threads that part of the branch 
from which it means to fufpend itfelf ; it places thefe in different 
- dire€tions, and then covers them with other threads, laying on 
feveral fucceflive thickneffes, each new layer being {maller in fize 
than that which preceded it; forming, when finifhed, a little 
cone or hillock of Silk, as will be found when examined by the 
micro{cope. ‘The caterpillar hooks itfelf by the hinder feet to 

this hillock; and when it has found, by feveral trials, that. it 
is ftrongly fixed thereto, throws itfelf forward, letting the body 
fall with the head’ downwards. Soon after*it is thus fuf pended, 
it bends- the fore _part of the body, keeping this bent 
polture for fome time; then {traitening the body, again in a little 
time bending it, and fo on, repeating this operation till it has 
formed a flit in the {kin upon the back; part of the pupa foon 
forces itfelf through this, and: extends the flit as far as the 
laft cruftaceous feet; the pupa then forces upwards the {kin, as 
we would pufh down a flocking, by means of it’s little hooks and 
the motion of the body, till it has {lipped it off to that part from 
which the caterpillar had fufpended itfelf But the pupa. has fill - 
to difengage itfelf from this {mall packet, to which the exuvia is 
now reduced : here the obferver will find himfelf interefted for 
the little animal, anxious to learn how. the pupa will quit this 
Cre {kin, 
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fkin, and how it ‘will be enabled to fix itfelf to the hillock, 
as it has neither arms nor legs, A little attention foon explains 
the operation, and extricates the obferver from his embarrafiment. 
It feizes the exuvia by the rings of the body, and thus holds it- 
- felf as it were by a pair of pincers; then, by bending the tail, it 
frees itfelf from the old fkin, and by the fame method foon ful- 
pends itfelf to the filken mount; it lengthens out the hinder part 
of the body, and clafps, by means of it’s rings, the various fold- 
ings of the exuvia one after another; thus creeping backward on 
the fpoils, till it can reach the hillock with the tail; which, when 
examined by the microfcope, will be found to be furnifhed with 
hooks to fix itfelf by. 


It is furprizing to fee with what exaéinefs and eafe thefe infeéis 
perform an operation fo delicate and dangerous, which is only 
executed once in their life; and nought elfe can account for it, 
but the confideration that he, who defigned that the caterpillar 
fhould pafs through thefe changes, had provided means for that 
end, regularly conne€ting the greater fleps by mtermediate ones, 
the defire of extending their {pecies, forming and acting upon the 
organization, till the purpoles of their life are completed. 


Different kinds of thefe infe’s require variety in the mode of 
fufpenfion ; fome fix themfelves in an horizontal pofition, by a 
girdle which they tie round their body ; this girdle appears to the 
naked eye as a fingle thread; when examined with the micro- 
{cope, it will be found. to be an aflemblage of fine threads, lying 
clofe to each other, fo fixed as to fupport the caterpillar, and yet 
leave it in full freedom to effe&t the changes. Like the preceding, 
kind, it fixes the girdle to the branch of a tree; in this fituation: 
6. i 
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it remains for fome time motionlefs, and then begins to bend, 
move, and agitate it’s body in a very fingular manner, till it has 
opened the exterior covering, which it pufhes off and removes 
much in the fame manner as we have defcribed in the preceding 
article, and yet with fuch dexterity, that the pupa remains fuf- 
pended by the fame girdle. 


The induftry of thofe that {pin cones, or cafes, in which they 
inclofe themfelves, in order to prepare for their transformation 
in fecurity, is more generally known, as it is from one fpecies of 
thefe that we derive fo many benefits, namely, from the filk- 
worm. All caterpillars undergo fimilar changes with it, and 
many in the butterfly ftate greatly exceed it in beauty: but the 
golden tiffue, in which the filk-worm wraps itfelf, far furpafles'the 
filky threads of all the other kinds; they may indeed come forth 
with a variety of colours, and wings bedecked with gold and fcar- 
Jet, yet they are but the beings of a fummer’s day ; both'their life 
and beauty quickly vanifh, and leave no remembrance after them ; 
but the filk-worm leaves behind it fuch beneficial monuments, as 
at once record the wifdom of their Creator; and his bounty to 
man. * . 


The fubftance of which the filk is formed, is a fine yellow 
tranfparent gum, contained in two refervoirs that wind about the 
inteflines, and which, when they are unfolded, are about ten 
inches long; they terminate in two exceeding {mall orifices near 
the mouth, through which the filk is drawn, or fpun, to the de- 
gree of finenefs which it’s occafions may require. This apparatus 
has been compared to the inftrument ufed by the wire-drawers, 

| Gag and 


* Pullein on the Culture of Silk, 
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and by which le and filver is drawn toany degree of minute- 
nefs. Every thread proceeds from thefe two refervoirs, but are. 
united afterwards ; foithatyif it is examined bythe microfcope, it) 
will be found to'confift of two cylinders, .or threads, ‘glued to- 
gether, with a groove in the middle ;.afeparation may lometimes 
be perceived. 


When the filk-worm has founda convenient fituation, it fetsto 
work, firlt {pinning fome loofe.thread, which ferves to: fupport 
the future fuperftrutture;; upon thefe it.forms. an oval of a loofe 
texture, confifting of what, is called the flofs filk ; within this it. 
forms- a firm and. more. confiftent. ball of filk, remaining _ 
during the whole bufinefs within the ,circumference of the {phe-. 
roid that it is forming, refting on it’s hinder parts, and with it’s 
mouth and fore legs dire€ting and, faftening the threads. Thefe 
threads are not direéted in a regular circular form, but are {pun 
in different fpots, in an, infinite number of zig-zag lines: fo that — 
when it is wound off, it proceeds in a) very irregular manner, 
fometimes from one fide of the cone, then from the other. This 
thread, when meafured, has been’ found to be about three hun- 
dred yards long, and fo fine, that eight or ten are generally rolled 
off into one by the manufacturers. The filk-worm ufually em- 
ploys. about three|,days*in finifhing this cone; the infide. is 
generally {meared with.a kind of gum, that is defigned to keep 
out the rain; in this cone it aflumes the pupa form, and remains 
therein Aa fifteen to thirty days, according to the warmth of 

the climate. . When the moth is formed, it moiftens the end of 
this cone, and by frequent motions of the head loofens the tex- 
ture of the filk, fo as to form a hole without breaking it. 


When 
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“When the filk-worm has attained it’s perfe&t growth, the refer- 
voirs of filk are full, and it is prefled by it’s fenfations to get rid 
of this incumbrance, and accordingly {pins a cone, the altitude 
and fize of which are proportioned to it’s wants: by traverfing 
backwards and forwards, it is relieved, and thus attains, by an 
innate defire, the end for which it was formed. 


The fize of the cone is. not always proportioned to the fize of 
the caterpillar; fome that are {mall conftru& larger cones than 
other caterpillars which are greater in fize. 


There is a caterpillar which forms it’s filken cone in the thape 
of a boat turned bottom upwards, whence it is called by M. de 
Reaumur the “ coque en batteau;” the conftruCtion .is compli- 
cated, and feems to require more art than is ufually attributed to 
this infe&t. It confifts of two principal parts, fhaped like fhells, 
which are put together with confiderable flill and propriety ; 
each fhell, or fide, is framed by itfelf, and formed of an innu- 
merable quantity of minute filk rings; in the fore part there is a 
proje€tion, in which a {mall crevice may be perceived, which 
ferves, when opened, for the efcape of the moth; the fides are’ 
conneéted with fo much art, that they open and fhut as if framed 
with f{prings; fo that the cone, from which the butterfly has 
efcaped, appears as clofe as that which is ftill inhabited. 


Thofe which are not furnifhed with a filky cone, fupply their - 
want with various materials, which they are fufficiently {kilful to. 
form into a proper habitation, to fecure them while preparing for 
the perfect ftate ; fome conftrucitheir’s with leaves and branches, 
tying them faft together, and then flrengthening the conneétion ; 

NON athers 
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others conneét thele leaves with - ‘great regularity ; Many flrip 
themfelves of their hairs, and form a mixture of hair and filk ; 
others conftruét a cone of fand, or earth, cementing the paiteieles 
with a kind of glue; fome gnaw the wood into a kind of faw-duft, 
and glue it together ; with an mnumerable varicty of modes {uited 
to their prefent and future ftate.. 


. Or tHt BE EE rt & 


To make the reader more fully acquainted with a fubje@ which 
affords fuch abundant matter for the exercife of his microfcope, 
I fhall proceed to defcribe, in as concife a manner as I am able, 
the changes of a few infects of different clafles, tue with 
the beetle. 


The beetle is of the firft (or coleoptrous) clafs, having four 
wings. ‘The two upper ones are cruftaceous, and form a cafe to 
the lower ones ; when they are fhut, there is a longitudinal future — 
down the back: this formation of the wings is neceflary, as the 
beetle often lives under the furface of the earth, in holes which 
they dig by their own indultry and ftrength. Thefe cafes fave 
their real wings from the damage which they might otherwife 
fuftain, by rubbing or crufhing againft the fides of their abode ; 
they ferve alfo to keep the wings. clean, and produce a buzzing 
_ noife when the animal rifes,in the air. The ftrength of the beetle 

is aftonifhing; it has been eftimated that, bulk for bulk, their 
mufcles are a thoufand times firon ger than thofe of a man. 


The beetle is only an infe& difengaged from the pupa form; 


the pupa is a transformation in like manner from the worm, or 
larva, 
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larva, and this proceeds from the egg; fo that here, as in the 
- foregoing inftances, one infeét 1s exhibited in four different flates 
of life, after pafling through three of which, and the various 
miferies attendant on them, it is advanced to a more perfec flate. 
When a larva, it trains a miferable exiftence under the earth: in 
the pupa form it is deprived of motion, and as it were dead. 
But the beetle itfelf lives at pleafure above and under ground, 
and alfo in the air, enjoying a higher degree of life, which it has 
attained by flow progteflion, and palling through difiiculties, 
affliction, and death. 


If we judge of se rank which the beetle holds j in the {cale of 
animation, from the places where they are generally found, from 
the food which nourifhes them, from the difgufting and odious 
forms of many, from their antipathy to light, and their delight 
in darknefs, we fhall not form great ideas of the dignity of their 
fituation. Butas all things are rendered fubfervient to the laws. 
of Divine order, it is fufficient for us to contemplate the wonders 
that are difplayed in this and every other organ of life, for the 
reception of which, from the FOUNTAIN AND SOURCE OF ALL 
LIFE, each individual is adapted, and that in a manner corref- 
ponding to the flate of exiftence it 1s to enjoy, and the energies 
it is called forth to reprefent ; indeed the manner of it’s exiftence: | 
entirely depends on the degree of life which it 1s enabled to re- 
ceive, and the ftate in which that degree is communicated in. it’s. 
defcent through different orders of being. 


« One is the flood which univerfal flows ; 
And hence the reptile, hence the feraph glows.” 
| BROOKE. 
The 
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The egg of the rhinoceros * beetle is of an oblong round figure, 
of a white colour; the fhell thin, tender, and flexible’ the teeth 
‘of the worm that is within the fhell come to perfeétion before the © 
other parts; fo that as foon as it is hatched, it is capable of de- 
vouring, and nourifhing itfelf with the wood among which it is 
placed. The larva, or worm, is curioufly folded in the ego, the 
tail refting between the teeth, which are difpofed on each fide 
the belly; the worm, in proper time, breaks the fhell, in the 
fame manner as.a chicken, and crawls from thence to the next 


fuitable fubftance. 


The worm, when it is hatched, is very white, has fix legs, a 
wrinkled naked bedy, but the other parts all covered with hair: 
the head is then alfo bigger than the whole body, a circumftance 
which may-be obferved in larger animals, and which is founded 
on wife reafons.+ If the egg is obferved from time to time while 
the infe&t is within it, the beating of the heart may be perceived. 


The eggs of the earth-worm, the {nail, and the beetle, will 
afford many fubjetts for the microfcope, and will be found to 
deferve a very attentive examination. Swammerdam was ac- 
cuftomed to hatch them in a difh, covered with white paper, 
which he always kept in a moift ftate. To preferve thefe and 
fuch like eggs, they mutt be pierced with a fine needle; the con- 
tained liquors muft be prefled out, after which they fhould be - 
blown up by means of a fmall elafs tube, and then filled witha 
little rofin diffolved in oil of {pike. 


The 


* Scarabeus Acteon, Lin. Syft. Nat. p. 541-3. 
+ Swammerdam’s Book of Nature, pt. 1, p. 33- 
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. The worm of the rhinoceros beetle, like other infeéts in the 
larva ftate, changes it’s {kin; in order to effe€t which, it dif. 
charges all it’s excrement, and forms a convenient hole in the 
earth, in. which it may perform the wonderful operation ; for it 
does not, like the ferpent, caft off merely an external covering, 
but the throat, a part of the flomach, and the inward furiace of 
the great gut, change at the fame time their {kin: as if it were to 
increafe the wonder, and to call forth our attention to thefe 
reprefentative changes, fome hundreds of pulmonary pipes cait 
alfo each it’s delicate {kin, a tranfparent membrane is taken from 
the eyes, and the fkull remains fixed to the exuvia. 


After the operation, the head and teeth are white and tender, 
though at other times as hard as abone; fo that the larva, when 
provoked, will attempt to gnaw iron. For an accurate ana» 
tomical defcription of this worm, I muft refer the reader to M,. 
Swammerdam; he will find it, like the reft of this author's. 
works, well worthy of his attentive perufal. To difleét it, he 
firft killed it in {pirits of wine, or fuffocated it in rain water rather 
more than lukewarm, not taking it out from thence for fome: 
hours. This preparation prevents an improper contraction of 
the mufcular fibres. | 


When the time approaches for the worm to take upon it thé 
pupa form, it generally penetrates deeper into the ground,* or 
thofe places where it inhabits, tofind a fituation that it can more 
eafily fuit to it’s fubfequent procefs. Having found a proper 

Dd place. 


_% The larva of thofe beetles which live under ground are in general heavy, idle, 
and voracious ; on the contrary, the larva which inhabit the waters are exceedingly 


active. 
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place, they form with their hinder feet a polifhed cavity, in 1 this 
they lie for fome time immoveable; after which, by voiding ex- 
crementitious {ubitances, and by the evaporation of humidity, it 
becomes thinner and fhorter, the {kin more furrowed and wrinkled, 

fo that it foon appears as if it was ftarved by degrees. If it be dif- 
fected about this period, the head, the belly, and the thorax, may 
be clearly diftinguifhed. While fome external and internal parts 
are changing by a flow accretion, others are gently diftended by 
the force of the blood and impelled humours... The body con- 
tratting itfelf} while the blood is propelled towards the fore- 
parts, forces the {kull open in three parts, and the {kin in the 
middle of the back is feparated, by means of an undulating motion 
of the incifions of the back; at the fame time the eyes, the horns, 

the lips, &c. caft their exuvia. | During this operation, 
a thin watery humour is diffuled between ihe old and new 
{kin, which renders the feparation eafier.. The procefs going on 
gradually, the worm is at laft difengaged from it’s fkin, and the 
__Hmbs and parts are, by a continual unfolding, transformed into 
the pupa ftate; after which, it twifts and comprefles the exuvia 
by the fundament, and throws it towards the hinder part under 
_the belly. The pupa is at this time very delicate, tender, and 
flexible ; and affords a moft aftonifhing appearance to an attentive 
obferver. Swammerdam thinks it is fearce to be equalled among 
the wonders which are difplayed in the infect part of the creation; 
in it the future parts of the beetle are finely exhibited, fo difpofed 
and formed, as foon to be able to ferve the creature in a more 
perfect ftate of life, and to put on a more elegant form. 


The 
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The pupa * of this infeé&t weighs, a little after it’s change, 
much heavier than it does in it’s beetle flate; this is alfo the cafe 
with the pupa of the bee and hornet. The latter has been 
found to weigh ten times as much as the hornet itfelf; this is 
probably occafioned by a fuperabundant degree of moifture, by 
which thefe infeéts are kept in a fiate of inaétivity (a kind of pre- 
ternatural dropfy) till it is in fome meafure diflipated; in pro- 
portion as this moifture is evaporated, the {kin hardens and dries ; 
fome days are required to {weat off this fuperfluous moifiure. 
If the fkin is taken off at this time, many curious circumiiances 
may be roted; but what claims our attention moft is, that the 
horn, which is {6 hard in the male beetle when in a ilate of ma- 
turity, that it will bear to be fharpened againft a grindftone,t in 
the pupa ftate is quite foft, and more like a fluid than a folid 
fubftance. | 


How long the {cene of mutation continues ts not known; | 
fome remain during the whole winter, more particularly thofe 
who quit the larva flate in autumn, when a fudden cold 
checks their further operations, and conlequently they remain 
without any food for feveral months. Some. f{pecies of the 
beetle tribe go through all the flages of their exiftence in a feafon, 
while others employ near four years in the procels, and live as 
winged infects a year. | 


When the proper time for the final change arrives, all the 
mufcular parts grow firong, and are thus more able to fhake off 
Dde | _ their 


« Swamme -dan’s Bock of Nitu.e, pe 144. 
+ Mouffet, p. 152. 
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their laft integuments, which is performed exaétly in the fame 
manner as in the paflage of the infeét from the larva to the pupa 
flate, fo that in this laft {kin, which is extremely delicate,’ the 
traces of the pulmonary tubes, that have been pulled off and turned 
out, again become vifible. 


All parts of the infect, and more particularly the wings and 
their cafes, are at this time {welled and extended, by theiair and 
fluids which are driven into them through the arteries and pul- 
monary tubes ; the wings are at this period foft as wet paper, and 
the blood iffues from them on the leaft wound; but when they 
have acquired their proper confiftency, which in the elytra is very 
confiderable, they will not give the leaft fign of any fluid within 
them, though cut or torn almoft afunder. 


The pupa being difengaged from it’s fkin, aflumes a different 
form, in which it is dignified with the name of a beetle, with a 
difference of fex, being either male or female. 


The infe&t now begins to enjoy a life far preferable to it’s for- 
mer flate of exiftence; from living im dirt and filth, under briars 
and thorns, it now raifes itfelf towards the ikies, and fuftains 
itfelf with the oozing liquors of flowers. 


Or tHe Musca CHAMELEON. 


We proceed to illuftrate the nature of the different transforma: | 


tions in infects, by giving an account of the mufca chameleon: 
inthe worm or larva condition it lives in the water, breathes by 


the tail, and carries it’s legs within < a little fnout near it’s mouth. 
~ When: 


— > 


* 
ne 
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When i it is arrived at the time for it’s pupa flate, it goes through 
the change without cafting off the fkin of the larva. Laftly, in 
the imago, or fly fate, it would infallibly perifh in the water: 
the element, which had hitherto fupplied it with life and motion, 
would now be it’s immediate deftru€tion. | 


This infe&t is characterized by Linnxus as mufca chameleon, 
Habitat larva in aquis dulcibus; mufea fupra aquam obambulare 
folet. In a former edition of the Fauna Suecica he called it 
oeftrus. aque ; but on a more minute examination, he found it was: 
a mufea; befides, the larve of all known oeftri are nourifhed im 
the bodies of animals. 


The larva of this mfett, when viewed by the naked eye, ap- 
pears to confift of twelve annular divifions, fee Plate XI. Fig. 1; 
by thefe it is feparated into a head, thorax, and abdomen; but 
as the ftomach and inteftines lie equally in the thorax and abdo- 
‘men, it is not eafy to diftinguifh their limits until the male 
approaches the pupa flate. 


The parts moft worthy of notice, when this infeét is viewed by 
the naked eye, are the tail and fnout. The tail is furnifhed with 
an elegant crown or circle of hair b, difpofed quite round itin an 
annular form; by means of this the tail is fupported on the fur- 

face of the water while the worm or larva is moving therein, the 

bedy in the mean while hanging towards the bottom; it will 
fometimes remain in this fituation for a confiderable time, without 
‘the leaft fenfible motion. When it has a mind to fink to the bot- 
tom by means of it’s tail, it generally bends the hairs of that part 
towards each other i in the middle, but much clofer towards the 
7 6 extremity 5 
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extremity; by this means a hollow fpace is formed, and the 
bladder of air pent up in it looks like a pearl, Fig. 2, Plate XI. 
It is by the affiftance of this bubble, or little balloon, that the in-- 
feét raifes itfelf again to the furface of the water. If this bubble 
efcapes, it can replace it from the pulmonary tubes ; fometimes 
large quantities of air may be feen to arife in bubbles from the 
, tail of the worm to the furface of the water, and there mix with 
the incumbent atmofphere. This operation may be eafily feen 
by placing the worm in a glafs full of water, where it will afford 
a very entertaining {peCtacle. 


The fnout is divided into three parts, of which that in the . 
middle is immoveable; the two other parts grow from the fides 
of the former; thefe are moveable, vibrating in a very fingular 
manner, like the tongues of lizards and ferpents. The greatelt 
{trength of the creature is fixed in thefe lateral parts of the fnout ; 
it 1s on thefe that it walks when it is out of the water, appearing 
as it were to walk on it’s mouth, ufing it, as the parrot does. it’s 
beak, to move (climb) with greater advantage. Fi 


We fhall now confider the external figure of this worm, as it 
appears with the microfcope. It is {mall towards the head, larger 
about thofe parts which may be confidered as the thorax, it then 
grows f{maller, converging. at the abdomen, terminating in a 
fharp tail, furrounded with hairs in the form of the rays of a 


- far. 


This worm, the head and tail included, has twelve wishatltee 
divilions,: 15. 25) Byahag Os GnGy Os TO, htady 22,40 eet late el 
It’s fkin refembles the covering of thofe animals that are provided 
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@vith a cruftaceous habit, more than it does that of naked worms 
or caterpillars ; itis moderately hard, and like the rough {kin called 
fhagreen, being thick fet with a number of grains, evenly diftri- 
buted. The fubftance of the fkin is. firm and hard, and yet very 
flexible. 


On each fide of the body are nine fpiracula, or holes, for the 
purpofe of refpiration ; there are no fuch holes vifible on the 
_ tail ring a, nor on the third ring counting from the head; for at 
the extremity of the tail there is an opening for the admiffion and 
expulfion of air: in the third ring the fpiracula are very fmall, 
and appear only under the {kin, near the place where the embryo 
wings of the future fly are concealed. It is remarkable that cater- 
pillars, in general, have two rings without thefe fpiracula; per- 
haps, becaufe they change into flies with four wings ; whereas. 
this worm produces a fly that has only two. | 


The {kin has three different fhades of colour; it isadorned with . 
oblong black furrows, with {pots of a light colour, and orbicular 
rings, from which there generally fprings a hair, as in the figure 
before us, only the hair that grows on the infeét’s fide is repre- 
fented; befides this there are here and there fome other larger 
hairs cc. The difference of colour in this worm arifes from the 
quantity of grains in the fame fpace; for in proportion as there 
is a greater or lefler quantity of thefe, the furrows and rings are. 
of a deeper or paler colour. 


The head d is divided into three parts, and covered with a 
{kin, the grains on which are hardly difcernible. The eyes are 
rather protuberant, and lie forwards near the fnout. It has alfo. 

twa 
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two fimall horns 11 on the fore-part of the head. The fnout is 
crooked, and ends ina fharp point as at f; but what is altoge- 

ther fingular and furprizing, though no doubt wifely: contrived 

by the great and Almighty Architeét, is, that this infeét’s legs are 

placed near the {nout, between the finufles, in which the eyes are 

fixed. Each of thefe legs confifts of three joints, the outermoft 

of which is covered with hard and ftiff hairs like briftles. From 

the next joint there fprings a horny bone hh, which the. infeé 

ufes as akind of thumb ; the joint is alfo of a black {ubftance, 
between bone and horn in hardnefs; the third joint is of the fame 

nature. Yo diftinguifh thefe particulars, the parts that form the 

upper fides of the mouth and the eyes muft be feparated by 

means of a {mall fine knife; you may then, by the affiftance of 
the microfcope, perceive that the leg is articulated by means of 
fome particular ligaments, with that portion of the infeét’s mouth 

which anfwers to the lower jaw in the human frame. We may 

then alfo difcern the mufcles which ferve to move the legs, and 

draw them up into a cavity that lies between the fout and thole 

parts of the mouth which are near the horns i 1. 


This infe& not only walks with thefe legs at the bottom of the : 
water, but even moves itfelf on land by means of them; it like- 
wife makes ufe of them to fwim, while it keeps it’s tail on the fur- 
face contiguous to the air, and hangs downward with the reft of 
the body in the water ; in this fituation no motion is perceived in 
it but what arifes from it’s legs, which it moves in a moft elegant 
manner. It is reafonable to conclude from what has been faid, 
that the principal part of the creature’s ftrength lies in thefe legs : 
nor will it be difficult for thofe who are acquainted with the 


nature of the ancient hieroglyphics (which are now opening fo 
clearly) 
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clearly) to fix the rank of this infect in animated life, and point 
out thofe orders of being, and the moral ftate through which it 
receives it’s form and habits of life. 


The fnout is black and hard, the back part is quite folid, and 
fomewhat of a globular form, whereas the front, f, 1s fharp and 
hollow; on the back part three membranaccous divifions may be 
obferved, by means of which, and the mufcles contained in the 
fnout, the infect can at pleafure expand or contraét it. 


The tail is conftruéted and planned with great {kill and wifdom. 
The extreme verge, or border, 1s furrounded by thirty hairs, and 
the fides adorned with others that are fmaller ; here and there the 
large hairs branch out into fmaller ones, which may be reckoned 
as fingle hairs. Thefe hairs are all rooted in the outer {kin, 
which in this place is covered with rough grains, as may be 
feen by cutting it off, and holding it up, when dry, againft the 
light, upon a thin plate of glafs. By the fame mode you will 
find, that at the extremities of the hairs there are alfo grains like 
thofle of the f{kin; in the middle of the tail there is a {mall open- 
ing; within it are minute holes, by which the infeé takes in 
and lets out the air it breathes, The hairs are very feldom dif 
pofed in fo regular a manner as they are reprefented in Fig. 9; 
Plate XI. except when the infect floats with the body in the 
water, and the tail with it’s hairs a little lower than the furface, 
for they are then difplayed exatly as delineated in the 
plate. The leaft motion downward of the tail produces a con- 
cavity in the water, andit then affumes the figure of a wine glafs, 
wide at the top, narrow at the bottom. 


Ee ; The 
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The tail ferves the larva both for the purpofes-of {fwimming 
and breathing, and it receives through the tail that which is the 
univerfal principle of life and motion in animals. By means of 
thefe hairs it can flop itfelf at pleafure when fwimming, or 
remain fufpended quietly in the water for any length of time. 


‘The motion of this infect in fwimming is very beautiful, efpe- 
cially when it advances with it’s whole body. floating on the fur- 
face of the water, after filling itfelf with air by the tail. To fet 
out, it firft bends the body to the right or left, and then contraéts 
it in the form of the letter S, and again ftretches it out in a 
{trait line: by thus alternately contraéting and then extending the 
body, it moves along on the furface of the water. It is of a very 


quiet difpofition, and not difturbed by handling. 


Thefe larva are generally to be found in fhallow flanding 
waters, about the beginning of June, fooner or later as the fum- 
mer is more or lefs favorable ; in fome feafons they are to be 
foundin great numbers, while in others it is no eafy matter to 
meet with them. They love to crawl on the plants and grafs 
which grows in the water, and are often to be met with in ditches, 
floating on the furface of the water by means of their tail, the 
head and thorax at the fame time hanging down ; and in this 
fituation they will turn over the clay and dirt with their fnout and 
feet in fearch of food, which is generally a vifcous matter that 
is common in {mall ponds and about the fides of ditches. This 
worm is very harmlefs, contrary to the opinion one might form 
at firft fight, from the furprizing vibratory motion of the legs, 
which refembles the brandifhings of an envenomed tongue or fling 


They are moft eafily killed for diffeCtion in {pirit of turpentine. 
| After 


= 
‘ 
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After a certain period they pafs into the pupa form; when 
they are about to change, they betake themfelves to the herbs 
that float on the furface of the water, and creep gently ‘thereon, 
till at length they le partly on the dry furface, and partly on the 
water ; when in the larva or pupa ftate, they can live in water, but 
ean by no means inha>it there when changed into flies : indeed, 
man alfo, whilft im the uterus, lives m water, which he cannot do 
afterwards. When thefé worms have found a proper fituation, 
they by degrees contract themfelves, and, in a manner {carce per- 
eeivable, lofe all power of moving. The inward parts of the 
worm’s tail now feparate from the outmoft fkin, and become 
greatly contra€ted.; this probably gives the infeét a great deal of 
pain: by this contraction, an empty {pace is left in the ¢ exterior 
fkin, into which the air foon penetrates.. 

4 

Thus this mfect pafles into the pupa flate under it’s own {kin, 
entirely different from that of the caterpillar, which cafts off the 
exterior {kin at this time; this change may often be oblerved to 
take place in the {pace of ten or twelve hours, but in what manner 
it is performed we are ignorant, as it is effected in a hidden un- 
known way, inwar a within: the {kin, which conceals it from our 
wiew.. 


Whilft the larva is. changing under the fkin, the body, head, 
and tail, feparate infenfibly from their outward vefture. The 
legs at this time, and their cartilaginous bones, are, on: account 
ef the parts which are withdrawn from them, left empty ; the 
worm lofes alfo now the. former {kull, the beak, together with 
the horny bones belonging thereto, which remain in. the {kin of 
the exuvia. It is worthy of notice, that the optic nerves feparate 

Ee; 2: alfo: 
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alfo from the eyes, and no more perform their office. The mut- 
cles of the rings alfo in like manner, and a great part of the pul- 
monary points of refpiration, are feparated from the external. 
ikin. Thus the whole body contracts itfelf by degrees into a 
{mall compact mafs. At this time the gullet and the pulmonary 
tubes caft a coat within the fkin. To make this evident, it is 
neceflary to open the abdomen, when the pupa, it’s parts, to- 
gether with the caft off pulmonary pipes, may be clearly feen. 


An exaét account of all the changes of the interior parts is to” 
be found in Swammerdam’s Book of Nature. Thefe changes are 
beft examined by taking the pupa out of the {kin, or outfide cafe, 
when it begins to harden; for as it has not then quite attained the 
pupa form, and the members are, fomewhat different from what 
they will be when in that flate, it is more eafy to obferve their 
refpeCtive fituation, than when the pupa is fome days older, and 
has loft the greateft part of the fuperfluous humours. The pupa 
is inclofed in a double garment; the interior one is a thin mem- 
brane, which invefts it very clofely; the other, or exterior one, — 
is formed of the outermoft hard {kin of the larva, within which it 
performs it’s changes in an invifible manner: it is this fkin which 
gives it the appearance of the larva while in the pupa ftate. 


When the time_approaches that the hidden infeCt, now in the 
pupa form within it’s old covering, 1s to attain the imago, fly, or 
perfect flate, which generally happens in about eleven days after 
the preceding change, the fuperfluous humours are evaporated by 
infenfible perfpiration. The little pupa-is contra€ted unto the 
fifth ring of the fkin, and the four laft rings of the abdomen are 
filled with air, through the aperture in the refpiratory orifice of 
the 
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the tail. This may be feen by expofing the pupa a little while 
to the rays of the fun, and then putting it’s tail in-water, when 
you will find it breathe ftronger than it did before, and, by ex- 
prefing an air-bubble out of it’s tail, and then fucking it in again, 
will manifeftly perform the a€tion of infpiration and ex{piration. 
The anterior part of the pupa is drawn back from the fkin, and 
having partly deferted it, the beak, head, and firft ring of the 
breaft, the little creature lies fill, until it’s exhaling members 
have acquired ftrength to burft the two membranes which 
furround it. 


If the exterior cafe is opened near this period, a wonderful 
variety of colour may be perceived through the thin {kin which 
invefts the pupa. The colours of many of the different parts are 
now changed; fome parts from aqueous become membranaceous, 
fome flefhy, and others cruftaceous. The whole body becomes in- 
fenfibly fhagey, the feet and claws begin to move: the variations 
may be accurately obferved by opening a pupa every day until 
the time of change. For this purpofe they fhould be laid on 
white paper, in an earthen difh ; they fhould alfo’be made fome- 
what moult, and be kept under a glafs : the paper ferves the pupa 
to fix it’s claw to, when they come forth in the form of a fly, A 
little water thould be poured into the difh, to keep the pupa from 
_ drying and fuffocation. 


When the fly begins to appear, the exterior {kin is feen to 
‘move about the third and fourth anterior ring; the infe& then 
- ules all it’s efforts to promote it’s efcape, and to quit the interior 
and exterior {kin at one and the fame time. The exterior {kin is 
divided into four parts; the infect immediately afterwards breaks 
Sy . open 
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open it’s inner coat, and cafting it off, efcapes from the prifon in 
which it was entombed, in the form of a beautiful fly. Itis tobe 
obferved here, that there is nothing accidental in the breaking of 
the outermoft {kin; but it is. perfectly ordained by a conftant 
order, always happening in the fame manner in all thefe changes: 
the {kin alfo is, in thofe places where it is broke open, fo eircum- 
ftanced by the Author of nature, as if joined together by futures. 


When the wings are expanded, the little creature immediately 
enters into another flate of life: for the infect that lived before 
in water and mud, now vifits the fields and meadows, being 
tranfported through the air on it’s elegant wings.* 


The larva 4 queue de rat + (mufea pendula, Lin.) is alfo trans-. 
formed under the fkin, which hardens, and forms. a cafe or © 
general covering to the pupa: two horns are pufhed out, while it 
is in this ftate, from the interior parts ; they ferve the purpofe of 
refpiration: this larva will be more particularly defcribed in a. 
fubfequent part of this chapter. 


The infeéts in this clafs, that is, thofe that pafs into the pupa 
fate under the fkin of the larva, go. through a change more: 
(according to M. de Reaumur) than the caterpillar, undergoing 
a change while under their {kin, before they aflume the pupa. 
form. ; 


The aquatic larva of the mufca chameleon retains it’s form to: 
the laft; but there are many infects that are transformed under 
| their 

* Swammerdam’s Book of Nature, pt. 2, p. 58. 


+ Reaum. 8yo. edit. tom, 4, pt..2, W.mem. p, 199, plate go:and.gr.. 
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their fkin, which forma cone or cafe for the pupa. In thefe 
the larva lofes firft it’s length; the body becoming fhorter, 
afflumes the figure of an egg; and the fkin formsa hard and crul- 
taceous cafe, or folid lodging, for the embryo infeét. 


Or rHeE LiBELLULA. 


In the libellula, or dragon fly, we have an inftance of thofe in- 
feG@s who are termed in the pupa {tate femicompleta, that 1s, who 
proceed from the egg im the figure which they prelerve, ull the 
time comes of affuming their wings, and who walk, att, and eat, 
as well till that period as afterwards. 
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Of all the flies which adorn or diverfify the face of nature, 


E tterelirhhdies 


there are few, if any, more beautiful than the libellula: “they MS ai He j 
are almoft of all colours, green, blue, erimfon, fearlet, and , ./. % i 
white; fome unite a variety of the moft vivid tints, and exhibit, Reger COU hat 

in one animal, more different fhades than are to be found in the $4. ¥ 47:1 o fs, iy 


rainbow.” The larva of the libellula is an inhabitant of the .” “yo, 
water, the fly itfelf is generally found hovering on the borders 2a 
thereof. 


mes 


Thefe infects are produced from an egg which is depofited in 
the water by the parent; the egg finks to the bottom, and re- 
_mains there till the young infe€t finds firength to break the fhell. 
‘The larva is hexapode, and. is not quite fo long as the fly; on 
the trunk are four prominencies, or little bunches, which become 
more apparent, in proportion as the larva increafes in fize and 
changes it’s fkin. Thefe bunches contain the rudiments of the 

wings, which adorn the infe€t when in it’s perfect ilate. 
6 4 | | The 
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The head of thelarva of this infeétis exceedingly fingular, being 
_ covered with a mafk which goes over the whole fore part of the 
head, having proper cavities within to fuit the different pro- 
minencies of the face, and fits it more exaétly than the common 
mafk does the human face; it is of a triangular form, growing 
finaller towards the bottom: at the bottom there is a knuckle 
which fits a‘cavity near the neck; on this part it turns as on a 
pivot. The upper part of this mafk is divided into two pieces, 
_or fhutters, which the infeét can open or clofe at pleafure; it can 
alfo let down the whole mafk whenever it pleafes. The edges 
of the fhutters are toothed like a faw. It makes ufe of the mafk 
to feize and hold it’s prey. 


There is a confiderable difference in the fhape of thefe mafks in 
different fpecies of the libellula, fome having two claws near thé 
top of it, which they can throw in or out at pleafure, and which 
make it a very formidable inflrument to the infeéts on which it 
feeds. 


Thefe animals generally live and feed at the bottom of the 
water, fwimming only occafionally; their manner of fwimming, 
or rather moving in the water, is curious, being by fudden jerks 
given at intervals; but this motion is not oceafioned by their 
legs, which at this time are kept immoveable and clofe to the 
body: it is by forcing out a ftream of water from the tail, that 
the body is carried forwards; this may be ealily’ perceived by 
placing them im a flat veflel, in which there is only juft water 
enough to cover the bottom. Here the a€tion of the water fquirted 
from their tail will be very vifible ; it will oceafion a {mall current, 
and give a fenfible motion to any light bodies that are lying on 
| ! | the 
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the furface thereof. This ation can only be effected at intervals, 
becaufe after each ejaculation the infeét is obliged to take a frefh 
fupply of water. The larva will fometimes turn it’s tail above the 
furface of the water, and force out afmall ftream from i It, as from. 
a little fountain, ure with confiderable force. 


The pupa differs but very little from the larva; the bunches, 
containing the wings, grow large, and begin to appear like four 
fhort thick wings. Jt is full as lively as the larva, feeking and 
enjoying it’s food in the fame manner: when it is arrived at it’s 
full growth, and is nearly ready to go through it’s laft change, 

“it approaches the edge of the water, or comes entirely out of it, 
fixing itlelf firmly ‘to fome piece of wood or other fubftance by 
it’s acute claws. “It remains for fome time immoveable; the {kin 
then opens down the back, and on the head ; through this open- 
ing they exhibit the real head and eyes, and at length the legs ; 
it then creeps forward by degrees, drawing it’s wings, and then 
the body, out of the kin, The wings, which are moift and folded, 
now expand themfelves to their real fize ; the body is alfo ex- 
tended till it ‘has gained it's. proper ews which extenfion 
1s accomplifhed by the propelling force of the circulating fluids: 
When the wings and limbs are aks it enters on a more noble 
ftate of life, it now wings the air and feeks it’s mate. 


What terms expreilive may relate 
The change, the {plendor of their new-formd ftate ! 
In ev'ry eye ten thoufand brilliants blaze, 

fond living pearls the vaft horizon gaze ; 


Ff _ Gemnria 
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Gemm’d o’er their heads, the mines of India gleam, 
And heaven's own wardrobe has array’d their frame ; 
Where colours blerd an ever-varying dye, _ 

_ And wanton in their gay exchanges vie. 


The females of the gall infeét, which have no wings, pafs: 
through no transformation ; while the male, which has two-wings, . 
paifes through the pupa {tate before it becomes a fly.. The only 
change which takes. place im the female gall infe@ (and which is, 
however, a very confiderable one) is this, that after a certain. 
time it fixes itfelfto the branch of the tree, without. being able to- 
detach itfelf; it afterwards increafes much in fize, and becomes: 
ike a true gall; the female, by remaining. thus fixed; for the- 
greaten part of her life, to the place where fhe was firft feen, has: 
very little the appearance of an animal ; it is in this period of their- 
life that they grow moft, and produce their young, while. 
_ they appear a portion of the branch they. adhere to.; and whatis: 
more fingular, the larger. they grow the lefs they look like ani 
mals, and: while-they are employed. in: laying thoufands of CLES, 
one would.take them for nothing but mere galls.. ‘The genera: 
of gall infeéts is very. extenfive; they are to be found on. almoft: 
every fhrub and tree.. 


The pucerons, to arrive at their perfect ftate, pals through, 
that. of the femicomplete pupa, and.their. wings. do. not. appear: 


till they have quitted their pupa. ftate; but as in all-the families of 


pucerons there are many who never. become winged, we muft not: 
forget to obferve, that thefe undergo no transformation; re-. 
maining always the fame, without changing, their figure, though. 
they increafe in fize, and change their fkin, It is remarkable, 

Pe that: 
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that amonglt infeéts of the fame kind fome individuals fhould be 
transformed, while others are not at all changed: thefe infeés 
will be confidered more fully in another part of this chapter. 


Mr. Reaumur *has fhewn that the {pider fly (hyppobofca 
equina, Lin.) lays fo large an egg, that the fly which proceeds 
from it is as big as the mother, though the egg does not increafe 


the leaft in fize from the time it is firft laid. The infeG@ pro- 
ceeds alfo from the egg in the imago, or fly {tate ; it is probably 


transformed in the egg, for Mr. Reaumur has found it in the 
pupa ftate therem, and having boiled fome of their eggs which 
had been laid for fome days, he found the infect in the form of’ 
an oyal ball, fimilar to that the pupa of flies with two wings are. 
generally found in. De Geer thinks that the egg itfelfis a true 
larva, which, when itis born, has nothing elfe to do but to ditt 
engage It's limbs, &c. fromthe fhell which covers it; and-he 
thinks this the more probable, becaufe there is no embryo 
feen in this egg, but it is entirely filled with the infe@; 
he has alfo.perceived a contraéting and dilating motion in 
the, €ge, while it was in the belly of the mother, and imme- 
diately after it was lain; circumftances which do not agree with 
a fimple egg. 
As Mr. Bonnet + has attempted to give a theory of thefe various 
changes, the following extract from it will, I hope, prove agreeable 
to the reader; it will at leaft tend to render his ideas of this won- 
derful fubjeét clearer, and will probably open to his mind many 
new fources of contemplation. 


EFfe | An 


* Reaumur, tom. 6, mem. 14. 
*- Bonnet Confiderations fur les corps organifes. | Contemplation of Nature, &c. 
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An infeét that muft caft off it’s exuvia, or moult five times be- 
fore it attains the pupa flate, may be confidered as compofed of 
five organized bodies, inclofed within each other, and nourifhed 
by common vifcera, placed in the center: what the bud of the 
tree is to the invifible buds it contains, fuch is the exterior part 
of the caterpillar to the interior bodies it conceals in it’s bofom. 


Four of thefe bodies have the fame effential ftru@ure, namely, 
that which is peculiar to the infeét in it’s larva or caterpillar ftate : 
the filth body is that of the pupa. The refpetive flate of thefe 
bodies is in proportion to their diftance from the center of the 
animal; thofe that are fartheft off have moft confiftence, or un- 
fold themfelves fooneft. 


When the exterior body has attained it’s full growth, that in- 
terior one which is next in order is confiderably unfolded; it is 
then lodged in too narrow a compails, therefore it {tretches on all 
fides the {heath which covers it; the veffels which nourtfh the ex- 
ternal covering, being broken by this violent diftenfion, ceafe to 
act, the fkin wrinkles and dries up; at length it opens, and the 
infeét is cloathed with a new {kin, and new organs. 


The infect generally fafts for a day or two preceding each 
change; this 1s probably occafioned by the violent ftate in whick 
it then is, or it may be neceflary to prevent obftru€tions, &c. let 
this be as it may, the infeét is always very weak after it has 
changed it’s {kin, the parts being as yet affeéted by the exertions 
they have gone through. ‘The fcaly parts, as the head and legs, 
are almoft entirely membranaceous, and imbrued with a fluid 
that infinuates itfelf between the two fkins, and thus facilitates. 

their 
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their feparation; this moilure evaporates by degrees, all the 
parts acquire a confiflence, and the infect is then in a condition 


ta act. 


The firft ufe that fome caterpillars, who live on leaves, make 
of their new form, is to devour greedily their exuvia; fometimes 
they do not wait till their jaws have acquired their full ftren eth ; 
fome have been.feen to gnaw the fhell from which they pro- 
ceeded, and even the eggs of fuch caterpillars as have not been 


hatched. 


When we have once formed the idea that all the exterior parts: 
are inlaid, or included one within the other, the produétion of 
new organs does not appear fo embarrafling, being nothing more 
than a fimple developement; but it is more difficult to. 
form any conception of the changes that happen in the vifcera 
before and after the transformation, the various modifications. 
they undergo eluding our refearches. We have already obferved, 
that a little before the change the caterpillar rejects the membrane 
that lines the inteltinal bag: this bowel has hitherto digefted 
only grofs food, whereas it muft hereafter digeft that. which is 
very delicate : a fluid that circulates im the caterpillar, from the 
hind part towards the head, circulates a contrary way after trans- 
formation. Now if this inverfion is as real as obfervation feems 
to indicate, how amazing the change the interior parts of the ani- 
mal muft have undergone! When the caterpillar moulis, {mall 
clufters of the tracheal vefiels are eaft. off with the exuvia, and 
new ones are fubftituted in their room; but how is this effected, 
how are the lungs replaced by other lungs? The more we 

endeavour 
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endeavour to inveftigate this fubjett, the more we find it is 
enveloped in darknefs. 


Whilft the powers of life are employed conformable to the 
Jaws of Divine Providence, to change the vifcera, and give them a 
new form, they are alfo unfolding divers other organs, which were 
afelefs to the anfe&t while in the larva ftate, but which are 
neceflary to that which fucceeds. ‘That thefe interior operations 
of life may be carried on with greater energy, the animal is 
thrown into a kind of {leep; during this period, the corpus 
craffum is diftributed into all the parts, in order to bring them 
to perfection, while the evaporation of the fuperfluous humours 
makes way for the elements of the fibres to approach each other, 
and. unite more clofely. The little wounds in the infide, which 
have been occafioned by the rupture of the veffels, are gradually 
confolidated ; thofe parts which had been violently exercifed, 
recever theirtone, and the circulating fluids infenfibly find their 
new:channel. Laftly, many veflels are effaced, and turned. into 


a liquid fediment, which is rejeéted by the perlect infeét. 


When thefe various changes are confidered, we are higiived 
at the fingularity of the means the AuTHOR of NATURE has 
made choice of, in order to bring the different fpecies of animals 
to perfection; and are apt to afk, why the caterpillar was not 


borna moth? why it paffes through the larva and pupa ftate? 


why all infeéts that are transformed do not. undergo the fame 
change? Thefe, anda variety of queflions that may be flarted 
concerning the-efle and eflence of thofe-exiftences which. appear 
before us, derive their folution from the general fy{tem which 1s 
unknown to us. Ifall were to arrivé at perfeCion at once, the 

chain 
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ehain would be broken, the creature unhappy, and man molt. 


of all. 


Amoneft: infeéts, fome: are produced fuch as they will be 
‘during their whole lives ; others come forth inclofed in:an egg, 
and are hatched from this in a form that admits of no variation; 
many come into:-the world under a form which differs but little 
from that which they have: when arrived. at an age of maturity’; 
fome again aflame varlous forms,. that are more or, lefs. remote 
from that which conftitutes their perfeét fate; laftly, fome go. 
‘through part of thefe transformations in the belly of the mother,. 
and are born of an equal:fize with their parent. 

By thefe various changes, a fingle individual unites within itfelf. 
two’ or three different. {pecies, and becomes fucceflively. the in-. 
habitant of two-or three worlds: and how great is the diverfity 
of it’s operation-in thefe various abodes! Let us alfo confider- 
what riches:we fhould’ have been deprived of, if. the filk-worm. 
had been.born im.it’s perfect flate: 


Since it Has been fhewn thatthe larva or caterpillar is really: 
the moth; crawling, eating, and fpinning,. under the form of the: 
worm, and that the pupa is only the moth fwathed up, it. is. 
clear that they are not three-felfs, or three perfons, but that the: 
fame individual feels, taftes, fees, and acts ‘by. different organs, at: 
different periods of it’s life,, having; fenfations. and wants at one 
time, which. it. has not at another; thefe wants and. fenfations 
always bearing a relation to. the organs which excite them.. 


Qn: 
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On THE. RESPIRATION OF INSECTS. 


As refpiration is one of the moft important ations in the life of 
every animal, great pains have been:taken by many naturalifts to 
inveltigate the nature of this :attion im in{feéts ; to prove it’s exift- 
ence, and explain in‘what manner it is carried on. Malphigi, 
Swammerdam, Reaumur, and ‘Lyonet, have difcovered in. the 
caterpillar two air-veflels placed the whole length of the infeét, 
thefe they have called the trachex; they have alfo fhewn that an 
infinite number of ramifications proceed from thefe, and are dif- 
perfed through the whole body ; that the tracheal veffels communi- 
cate with particular openings on the {kin of the caterpillar, 
termed {piracula; there are nine of thefe on each fide of the 
body. Thele veflels feem calculated for the reception of air; 
they contain no fluids, are of a cartilaginous nature, and when 
cut preferve their figure, and exhibit a well-terminated opening. 
Notwithftanding this difcovery, the exiftence of refpiration’ has 
not been proved in many fpecies of infedts, and the mechanifm 
‘thereof'is very obfcure in all; and it Is no more {urprizing, that 
re{piration does not exift in the embryo {tate of infeéts, than in 
that of other animals, where we find that refpiration, which after 
their birth is abfolutely neceflary for their exiftence, to be by y no 
means fo before it. 


M. de Reaumur thought that the air entered by the fpiracula 
into the trachea, but did not come out by the fame orifice, and 
confequently that the refpiration of infects was carried on in a 
manner totally different from that of other animals, that the air 
was exfpired through a number of {mall holes, or pores, which 
are to be found in the {kin of the caterpillar, after having been 

conducted 
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conduéted to them through the extremities of the finer ramifica- 
tions of the tracheal vellels: whereas M. Bonnet, in confequence 
of a great variety of experiments, fuppofed that the infpiration 
and ex{piration of the air was through the {piracula, and that 
there was no exfpiration of air through the pores of the fkin, 
Thefe experiments were made either by plunging the caterpillars 
into water, or anointing them with fat and grealy fubftances_ 
_ fome all over, others only partially. The number of {mall bub- 
bles which are obferved to cover the furface of their bodies, when 
they are immerged in water, does not arife from the air which 
is included within, and then proceeding from them, but they are 
~ formed by the air which is lodged near the furface of their bodies, 
in the fame manner that it is about all other fubftances. ‘To ren- 
der the experiments more accurate, and prevent the air from 
adhering to the {kin, before he plunged the caterpillars in water 
he always brufhed them over with an hair pencil ; after this, very 
few air bubbles will be found on their bodies when they are 1m- 
merged in water. 


A caterpillar will remain a confiderable time under water, 
without deftroying the principle of life; and they alfo recover, in 
general, foon after they are taken out. To know whether a few 
only of the fpiracula might not be fufficient for the purpoles of 
refpiration, he plunged fome partially in water, fo that only two 
or more fpiracula remained in the open air? in thefe cafes the 
caterpillar did not become torpid as it did when they were all 
immerged in water. | 


One caterpillar, upon which M. Bonnet made his experiments, 
lived eight days fufpended in water, with only two of it’s anterior 
Gg . {piracula 
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{piracula in.the air; during this time he obferved, that when the 
infect moved itlelf, little ftreams of bubbles iffued from the ante- 
rior f{piracula on the left fide; from this and many other experi- 
ments it appeared to him, that amonelt all the eighteen fpiracula, 
the two anterior and the two pofterior are of the greateft ufe in 
refpiration.* Sometimes, when the mouths of thefe have been | 
{topped with oil, the caterpillar has fell into convulfions. If the 
pofterior part has been oiled, that part will become paralytic. 
Notwithftanding thefe experiments, and many more which have 
been made, the fubjeét is far from being decided, and many {till 
doubt whether there is any refpiration im infeéts fimilar to our’s, 
at leaft at certain periods of their life. 


This opinion feems to be further confirmed by the experiments. 
of M. Lyonet. He placed feveral of the large mufk beetle, 
probably the cerambyx mofchatus, under a glafs, where he had 
been burning fulphur, and which he kept burning while they: 
-were there; and though the vapour was fo thick that he could: 
not fee them, and that he kept them therein more than half an 
hour, they did not feem in the leatt incommoeded. + 


When we confider the great folidity of the cafes, or cones, of 
the pupas of different infetts, it is not eafy to conceive how they. 
can live feveral months under the earth, in fpaces fo confined. 
and almoft impervious to the air. If refpiration was abfolutely 
neceflary to their exiftence, and indeed uf they did refpire, the: 
fame fituation feems to preclude a continuance of the operation, 
as the air would foon be corrupted, and unfit for the offices of 

lifes. 


* Philof. Tranf. vol. xlv. p. 309. 
+ Leffler Theologie des InfeQes, tom. 1, p. 124. Ibid,. p. 126: 
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life. As the trachea are divided and fubdivided to a prodigious 
degree of minutenefs, it has been conjectured by fome writers, 
that they may act as fo many fieves, which, by feparations pro- 
perly contrived, filtrate the air, and fo furnith it to the body of 
different degrees of purity and fubtilty, agreeable to the purpofes 
and nature of the various parts. ‘The experiments that have been 
made with the air-pump are by no means conclufive; the injury 
the infect {uftams when the atmofpheric preflure is taken from the 
body, does not prove that it infpired and ex{pired the air that we 
have removed; it only fhews that an incumbent preflure is 
neceflary to their comfortable exiltence, as it prevents the fluids 
‘from difengaging themfelves in an aerial form, and as it counter- 
ballances and re-aéts on the principle of life, and by keeping the 
action thereof in proper tone and order, confines and regulates 
it’s energies. 


Though it is difficult to afcertain whether fome infeas ref{pire, 
at leaft at certain periods of their exiflence, yet there are others 
to whom the infpiration and ex{piration of air feems abfolutely 
neceflary : there are many aquatic infeéts who are obliged to keep 
their tails fufpended on the furface of the water for this purpofe. 
To prove this, keep the tail under water, and you will perceive 
the infe&t to be agitated and uneafy, and to feek for fome Open- 
ing to expofe this part to the air; if it finds none, it foon goes 
to the bottom and dies. Some aquatic beetles refift the trial for 
a confiderable time, while their larva can only fupport it for a few 
minutes. ‘There is a circumftance which renders all experiments. 
on this fubje€t with infeéts doubtful and difficult, namely, the vaft 
tenacioufnels of the life principle in the lower orders of animated 
nature, and it’s diffemination through their whole frame. 


Gg 2 M. Mut 
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M. Mufchenbrock inclofed the pupa of a-moth ina glafs tube, 
nearly of the fame fize with the moth itfelf | 


The end A of the tube was drawn out into a capillary form, 
the other end was covered with a piece of wet bladder, to exclude 
the air; the capillary end was then plunged in water, which rofe 
to D. He placed the capillary part of the tube before a micro- 
{cope, on a fmall micrometer, in order to obferve any motion or 
change in the fituation of the water; as it is evident the ex{pira- 
tion or infpiration of air by the infect would make it rife or fall 
alternately. / 


In the firft experiment he obferved a fmall degree of motion at 
diftant intervals, not above two or three times in an hour; in a 
fecond experiment on another fubjett, he could obferve no. 
motion at all. He then placed fome pupas under the receiver of 
an air-pump, in water which he had previoufly purged of it’s air; 
on exhauifting the air from the receiver,’ he obferved one bubble: 
to arife in a part near the tail, and a few near the wings. The 
pupa did not fwell under the operation; on. the contrary, on: 
letting in the air, it was found to be diminifhed in a {mall degree, 
but-in lefs than a quarter of an hour it recovered it’s former 
figure. Mr. Martinet publifhed at Leyden, in 1759, a diflerta- 
tion, in which, itis faid, he has clearly proved, by a number of 
experiments, that the pupa of the caterpillar and, fome other 
infeéts do not refpire : I have not feen the work, 

. Among: 


i 
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Among the infeéts in which the refpiration feems to be moft 
clearly proved, is the larva 4 queue de rat (mufca pendula, Lin.), 
thefe live under water in the mud, to which they affix themlelves ; 
though they live under water, the refpiration of frefh air is eels: 
to their exiftence ; for this purpofe they are furnifhed with a tail, 
which often appears of an exceffive length relative to their body ; the 
body is feldom more than three quarters of an inch in length, while 
the tail is frequently more than four inches ; itis compofed of two 
tubes, which run one into the other, fomething fimilar to the 
tubes of a refracting telefcope. Befides this, the materials of 
which the tubes are compofed are capable of a great degree of 
extenfion. When, the tail is at it’s full length, it is exceeding 
{mall, not being larger near the extremity than a horfe-hair; 
there is a little knob at the end, which is furnifhed with {mall 
hairs, to extend on the water, fomething fimilar to -thole at the 
tail of the mufca chameleon. 


In the body of the larva are two large traclieal veflels ; thefe 
air-vellels extend from the head to the tail, and terminate in the 
refpiring tubes, and receive the air from them. The larva quits 
the water when:the time of it’s transformation approaches, and 
enters in the earth, where the {kin hardens. and forms. a cafe, in 
which the pupa is formed; foon after the change,, four tubes, or 
horns, are feen projecting from the cafe: thefe M. de Reaumur 
fuppoles tc be organs for communicating air to the interior parts 
ef the infect; they are connected with little bladders which are 
found filled with air, and by which it is conveyed to the fpiracula 
of the pupa. ‘The larva of gnats, and other {mall aquatic infects. 
of the fame kind, are furnifhed with fmall-tubes, that play on. 
the furface of the water, and convey the air from thence to the 

infeed, | 
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infeét. Many other fingularities are to be found among the 
aquatic larva. 

The reader will not, I hope, be difpleafed with another account 
of the mufca pendula, drawn up by a naturalift who knew how to 
render every {ubjett interefting, but more particularly thofe of 
this {cience. “Being out, fays he, on an excurfion with fome 
friends, we were ftruck with the appearance of a little puddle of 
reddith water, the furface of which was in continual motion; on 
taking up fome of this water, we found a number of dirty fhape- 
lefs animals, which had much the appearance of a common mag- 
got, but much uglier; they were brown, thick, and fhort, and 
furnifhed with tails. I ordered them to be laid down on the grals, 
and difpatched a fervant for fome clear water, and then began to 
explain their nature, origin, and properties. 


“IT had often informed my companions that none of the winged 
infeéts were hatched in their perfeét {tate from the egg, but that 
they all are firft produced in the form of worms, maggots, or 
caterpillars ; or, in other words, covered with {kins, under which 
they live, move, and eat, and have the appearance of very 
different animals from their parents; they were not, therefore, 
furprized, when I informed them that the creatures before us 
were not in their ultimate ftate, but were the produce of the bee 
fly, an infect refembling the common humble bee in form, fize, 
and colour, but having only two wings; whereas the bee has 
four, and a {ting, which is wanting to the fly. | 

“ This fly is inftruéied by the Univerfal Guide and Guardian of 
nature, to lay it’s eggs about the edges of the water. It’s young, 


6 | while 


Microscopican Essays, 247 


while in the worm ftate, are to live and feed in water; but the 
female parent cannot depofit her egos in that element without 
perifhing in the attempt. She lays them on dry land, near the 
proper place of refidence of her young, and they are inftru@ted 
by the fame Guide to place them in fuch a fituation, that as foon 
as they are hatched they make their way to the water; and 
finally, when they have acquired their full growth, and the animal 


_ within is ready to.buril forth into a new lite, and enjoy the regions 


of the air, it again quits.the water, that this great event may be 


finifhed at land. 


«“ As the fervant was now returned with a little water, I juft ob- 
ferved, that though refpiration is neceflary to all animal life, yet it 
is varioufly performed in the feveral fpecies; and that thus, while 
man and the generality of other animals refpired by the mouth, 
this creature does it by the tail. The infeéts we were examining 
were about half an inch long, and their tails near an inch: I 
proportioned the water in the glafs to this meafure in depth, and 
on our throwing fome of them into-it, their bodies. naturally funk. 
with the head downwards, and while they feemed fearching after 
food about the bottom, the extremities of their tails were feen juft: 
above the water, and in continual motion. 


«« My companions, who have long fince learnt'to make every, 
obfervation of this kind a fource of adoration to. the fupreme. 
ereator, difpofer, and’ preferver of all things, were admiring the 
eare of his providence in contriving thus amazingly that:a poor 
reptile fhould not be fuffocated’ while it fed: When:I ordered a. 
pint more water to be thrown into the glafs, they all cried out, at 


firft, againfi my deftroying thefe unhappy animals; but their ad- 


miration. 
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miration was raifed much higher than before, when I obferved 
that they would receive no harm, for they had a power of length- 
ening their tail about an inch, but that they were not left without 
means of life in a much more increafed depth of water; on 
adding a quart more water, it was foon found that the apparent 
tail of the infect was a mere tube, containing within it another 
much {maller, yet fuficiently large for the paflage of all the air 
_ that was neceflary to this animal, a fine {lender pipe being imme- 
diately darted up out of this, and extended to the new furface; 
on raifing the water two inches higher the pipe was immediately 
lengthened again as far as was neceflary, and fo on till the limits 
of the glafs fuffered us to carry the experiment no further.” 


‘Or THE GENERATION OF INSECTS. 


One of the greateft myfteries in nature is generation, or that 
power by which the various {pecies of animals, &c, are propa- 
gated; by which one fingle individual gives birth io thoufands, 
or even millions of individuals like itfelf; all formed agreeable 
to proportions which are only known to that AporaBLe Wispom 


which has eftablifhed them. We {hall never be able to form any- 


adequate conception of this power, till we are acquainted with 
the principles of life, and can trace their various gradations in 
different orders of beings. Many ancient philofophers, from a 
mifconception and perverfion of the fentiments of the more an- 
cient fages, imagined that infects were produced from corrupt and 
putrefied fubftances ; that organized bodies, animated with life, 
and framed in a moft wonderful manner, owed their origin to 
mere chance! Not fo the moft ancient fages ; they taught that 
_ every degree of life muft proceed from the fountain and fource of 


all 
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all life, and that therefore, when manifefted, it muft be replete _ 
with infinite wonders ; but then they alfo fhewed, that if in it’s 
defcent through the higher orders of being it was perverted, it 
would be manifefted in loathfome forms, and with filthy pro- 
penfities ; and that according to the degree of reception of the 
Divine goodnels and truth, or the perverfion thereof, new forms 
of life would be occafionally manifefted. The gloom of night 
{till wraps this fubjeét in obfcurity ; will the dawn of day ere 
long gild the horizon of the fcientific world? or is the time of 
it’s breaking forth yet far from us? Be this as it may, infe&s 
will be found to conform to that general law of order which 
runs through the whole of animated nature, namely, that the 
conjunction of the male and female is neceffary for the production 
of their offspring. Where we cannot afcertain caufes, we mutt 
be content with facts. 


Though infects are, like larger animals, diftinguifhed into 
male and female, yet in fome claffes there is a kind of mules, 
partaking of neither fex, though originating themfelves from the 
conjunction of both: many other particularities relative to the 
{exes can only be touched upon here. 


In many infe&ts the male and female are with difficulty diftin- 
guifhed, and in fome they differ fo widely, that an unfkilful 
perfon might eafily take the male and female of the fame infe@ 
for different {pecies; as for inftance, in the phalena humuli, 
piniaria, ruffula. The diffimilarity i is {till greater in thofe infe&s 
i which the male has wings and the female oath as in the 
coccus lampyris, phalena antiqua, &c. 


H h In. 
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In general the male is {maller than the female. The antennz: 
of the male are, for the molt part, larger than thofe of the female, 
In fome moths, and other infeéts which are furnifhed with fea- 
thered antenna, the feathers of the male fly are large and 
beautiful, while thofe of the female are {mall, and fearce to be 
perceived. Some male beetles are furnifhed with a horn, which 
is wanting in the female. | 


« Pleraque infeCtorum genitalia fuaintra anum habentabfcondita, 
et penes {olitarios, fed nonnulla penem habent bifidum: cancri 
autem et aranel geminos, quemadmodum nonnulla amphibia, et 
quod mirandum in loco alieno, ut cancer, fub bafi caude. 
Araneus mas palpos habet clavatos, qui penes funt, juxta os 
utrinque unicum, que clave fexum nec {peciem dillinguunt ; et 
fcemina vulvas fuas habet in abdomine juxta pe€tus; heic vero 
fi unquam vere dixeris: res plena timoris amor, fi enim procus in- 
aufpicato acceflerit, foemina ipfum devorat, quod etiam fit, fi non 
flatim fe retraxerit. Libellula foemina genitale fuum fub apice 
gerit caude, et mas fub pe€tore, adeo ut cum mas collum fcemina 
forcipe caudz arripit, illa caudam fuam pettori ejus adplicet, ficque 
peculiari ratione connexe volitent.” 


Infefts are either oviparous or viviparous; or, in other 
words, the {pecies is perpetuated, either by their laying of eggs, 
or bringing forth their young alive. The former is the more 
general cafe; there are but few inftances of the latter. Thofe 
infe€ts which pafs through the different transformations already 
deferibed, cannot propagate till they arrive at their imago or per- - 
-feét flate ; and we believe there is feldom any conjunétion of the 

4 | fexes 
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fexes in other clafles till they have moulted, or put off their laft 
fkin, the cancri and monoculi excepted. 


Mr. de Reaumur mentions fix or feven fpecies of two-winged 
_ flies that are viviparous, bringing forth worms, which are after- 
wards transformed into flies. The womb of one of thefe is 
fingularly curious :. it is formed of a band rolled up in a fpiral 
form, and about two inches and a half in length ; fo thatit is feven 
or eight times longer than the body of the fly, and compofed of 
worms placed one on the fide of the other with wonderous art: 
they are many thoufands m number.* 


The habits of the pucerons are fo very fingular, that I cannot 
pafs them over in filence ; the more fo, as they are a very curious 
objeét for the microfcope. They are called by various names, 
the proper one is aphis ; that which they are moft known by is 
puceron, though they are fometimes called vine fretters and 
plant lice. They belong to the hemiptera order, The rofrum 
is infle€ted, the antenne are longer than the thorax, fome have 
four erect wings, others have none at all : towards the end of the 
belly there are two tubes, from which is ejeGted that moft delicate 
Juice called honey-dew. 


The aphides are a very numerous genus; Linneus has enumé- 
rated thirty-three different fpecies, whofe trivial names are taken 
from the plant which they inhabit; though it is probable the 
number is much larger, asthe fame plant is often found to fup- 
port two or three different forts of aphides. 

Tee aide © An 


* Reaumur Mem. des Infectes, tom. 4, p: 415. 
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An aphis, or puceron, brought up in the moft perfeét folitude 
from the very moment of it’s birth, in a few days will be foundin 
the midft of anumerous family ; repeat the experiment on one of 
the individuals of this family, and you will find this fecond gene-~ 
ration will multiply like it’s parept, and this you may ae ob 
aK a many generations.. 


Mr. Beets had repeated experiments.of this kind, as far as: 
the fixth generation, which all uniformly prefented the obferver:. 
with fruitful. virgins, when. he was.engaged in a feries of new and. 
tedious experiments, from a fufpicion imparted by Mr. Trembley: 
in a.letter to him, who:thus exprefles himfelf: “I have formed! 
“the defign of rearing feveral: generations of folitary pucerons, in: 
order to fee if they would all equally bring forth young. In 
“ cafes fo remote from ufual cireumftances, it is allowed.to try all: 
* forts of means; and I argued with myfelf,; who knows but that: 
* one copulation might ferve for feveral generations?” This: 
“ wHo KNows:” perfuaded Mr. Bonnet that he had: not: 
fufficiently. purfued his inveftigations. He therefore now reared’ 
to the tenth generation his folitary aphides, having the patience: 
to, keep an, exaét account ef the days. and: hours. of the birth of 
each generation. He then difcovered both males and females. 
among them, whofe amours were-not in the leaft equivocal; the: 
NEAR; are produced only in the tenth generation, and are but few. 
in number; that thefe-foon arriving at their full growth, copulate: 
with.the females, and that the virtue of this copulation ferves.for: 
ten fucceflive generations; that all-thefe generations, except. the: 
firft, from fecundated, eggs are produced viviparous, and all.the- 
individuals are females, except thofe of the laft generation, among: 


whom fome males appear to Jay the foundation of a.frefh feries. 
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In order to give a further infight into the nature of thefe infeéts,. 
Tfhall infert an extract of a deicription of the different generations 
of them by Dr. Richard{on, as publifhed in. the Philofophical: 
Tranfactions,. vol: Ixi 


_ The great variety of fpecies which occur in the infe&ts now: 
under confideration,. may make an inquiry into their particular 
- natures feem not a little perplexing, but by reducing them under 
their proper genus, the difhculty is confiderably diminifhed. We 
may reafonably. fuppofe all the infeéts, comprehended: under any 
diftiné& genus, to partake of one general nature ; and by diligently 
examining any particular {pecies,. may thence gain fome infight: 
‘tnto- the nature of all the reft. With this view Dr. Richardfon. 
ehofe out of the various. forts of aphides the largeft of thofe found. 
onthe rofe tree; not only. as: it’s fize makes. it: the more con-. 
fpicuous, but as there are few others of folong.a duration. This: 
fort appears early. in the fpring, and-continues late in the autumns: 
while feveral are limited to. a. much fhorter term, in conformity. 
to.the different. trees, and plants from whence they draw. their: 
nourifhment.. 


v. If at the beginning of February the: weathier happens to~be 
f> warm: as. to. make the buds of the: rofe tree {well.and appear: 
green; {mall aphides are frequently to be found on them, though: 
not larger than the young ones in fummer,. when: firft eeited. 
It will be found; that thofe aphides. which appear only, in fpring, 
proceed from {mall black oval-eggs, which: were depofited on the 
daft: year’s. fhoot ;, though when-it happens-that the infe€ts-make 
too early an appearance, the greater part fuffer from the fharp. 
weather that ufually fucceeds; by which. means, the rofe trees. 

are 
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are fome years in a manner freed from them. The famekind of 
animal is then at one time of the year viviparous, and at another 
wih ik : 


Thofe aphides aaah withftand the eyeiee of the onset fel- 
dom come to ‘their full growth before the month ‘of April, at 
which time they ufually begin to breed, after twice cafling off 
their exuvia, or outward covering. It appears that they are all 
females, which produce each of them a numerous progeny, and 
that without having intercourle with any male mfett; they are 
viviparous, and what is equally fingular, the young ones all come 

into the world backwards. When they firft come from the 
| parent, they are enveloped by a thin membrane, having in this 
fituation the appearance of an oval egg; thefle egg-like appear- 
ances adhere by one extremity to the mother, while the young 
ones contained in them extend the other, by that means gradually 
drawing the ruptured membrane: over the head and body to the 
hind feet. During this operation, and for fome time after, the 
fore part of the head adheres, by means of fomething glutinous, to 
the vent of the parent. Being thus fufpended in the air, it foon 
frees itfelf from the membrane in which it.was confined; and 
after it’s limbs are a little ftrengthened, is fet down on fome 
tender fhoots, and left to provide for itfelf. ) 


In the {pring months there appear on the rofe trees but two 
generations of aphides, including thofe which proceed immedi- 
ately from the laft year’s eggs; the warmth of the fammer adds 
fo much to their fertility, that no lefs than: five generations 
fucceed one another in the interval. ‘One is produced in May, 
which calfts off it’s covering; while the ae of June and July 

each 
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each fupply two more, which caft off their coverings three or four 
times, according to the different warmth of the feafon. This fre- 
quent change of their outward coat is the more extraordinary, 
becaufe it is repeated more often when the infects come the 
fooneft to their growth, which fometimes heppens in ten days, 
where warmth and plenty of nourifhment conipired. 


Early in the month of June, fome of the third generation which 
were produced about the middle of May, after cafling off their 
laft covering, difcover four ereét wings, much longer than their 
bodies ; and the fame is obfervable in all the fuceceding genera- 
tions which are produced during the fummer months, but full 
without any diverfity of fex ; for fome time before the aphides 
come to their full growth, it is eafy to diftinguilh which will have 
wings, by a remarkable fullnefs of the brealt, which in the others 
is hardly to be.diftinguifhed from the body. When the laft 
covering is reje€ted, the wings, which were before folded up ina 
very narrow compafs, are. gradually extended in a very furprizing 
manner, till their dimenfions are,at laft very confiderable. 


The increafe of thefe infeéts in the fummer time is fo very 
great, that by wounding and exhaufting the tender fhoots they 
would frequently fupprefs all vegetation, had they not many ' 
enemies to refirain them. Notwithfianding thefe:infetts have a 
numerous tribe of enemies, they are not without friends, if thole 
may be confidered as fuch, who are officious in their attendance 
for the’ good things they expect to reap thereby. The ant and 
the bee are of this kind, colleCting the honey in which the aphides 
abound, but with this difference, that the ants are conflant 


vifitors, the bee only when flowers are fcarce; the ants will fuck 
7 m 
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in the -honey while the aphides are in the -a&t of difcharging > 
the bees only colleét it from the leaves on which it has fallen, - 


In the autumn three more generations of aphides are produced, 
two of which generally make their appearance in the month of 
Augult, and the third before ithe middle of September. The two 
firft differ in no refpect from thofe which are found in furnmer ; 
but the third differs greatly from all the reff, Though all the 
aphides ‘which have hitherto appeared were females, in this tenth 
generation feveral male infetts are found, but not by any | 
means fo numerous as -the females. : 


‘The females have at firft the fame appearance with thofe of 
the former generations, but in a few days their colour changes 
from a green toa yellow, which is gradually converted into an 
orange before they come to their full growth; they differ alfo 
i another refpe€t from thofe which occur in’ fummer, for al] 
thefe yellow females are without wings. The male infe&s are, 
however, {till more remarkable, their outward appearance readily 
diftinguifhing them from this and all other generations. When 
firft produced, they are not of a green colour like the reft, but of 
a reddifh brown, and have afterwards a dark line along the back; - 
they come to their full growth in about three weeks, and then caft 
off their laft covering, the whole infe& being after this of a bright 
_ yellow colour, the wings only excepted; but after this change to 
a deeper yellow, and ina very few hours to a dark brown, if we 
except the body, which is fomething lighter coloured, and has a 
reddifh caft. The males no fooner come to maturity than they 
copulate with the females, who in a day or two after their inter- 
courfe with the males lay their eggs, generally near the buds, 

. Where 
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Where there are a number crowded together, they of courfe inter- 
fere with each other, m which cafe they will frequently depoft 
their eggs on other parts of the branches. 


It is highly probable that the aphides derive confiderable ad- 
vantages by living in fociety ; the reiterated punétures of a great 
number of them may attraét a larger quantity o fnutritious 
juices to that part of the tree, or plant, where they have taken 
up their abode. 


In the natural hiftory of infeéts, new objeGis of furprize are 
continually rifing before the obferver: fingular as we have 
already fhewn is the produ€tion of the puceron, that of the bee 
will not be found to be lefs fo; and. though this little republic has 
at all times gained univerfal efteem and admiration, though they 
have attra€ted the attention of the moft ingenious and laborious. 
inquirers into. nature, yet the mode of propagating their fpecies 
feems to have baffled the Ingenuity. of ages, and rendered their 
attempts to difcover it abortive ; even the labours and fcrupulous 
attention of Swammerdam were unfuccefsful ; though, while he 
was writing his treatife on bees, his daily labour began at fix. in. 
the morning, and from that. hour till twelve he continued watch- 
ing their operations, his head in a manner diffolving into fweat, 
under the irrefiftible ardour of the fun ; and if he defifted at noon, 
it was only becaufe his eyes then became too weak, as well from 
the extraordinary afflux of light and the ufe of glafles, to con- 
tinue longer exercifed by fuch minute objets. He {pent one 
month entirely in examining, defcribing, and reprefenting their 
inteftines; and many months on other parts: employing whole 
days. in making oblervations, and whole nights in regiftering 

| ROSIN ue them, 
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them, till at laft he brought his treatife of bees to the wifhed-for 
perfe€tion, a work which all the ages, from the commencement 
of natural hiftory to our own times, have produced nothing to 
equal, nothing to compare with it.* “ Read it, fays the great 
- Boerhaave, confider it, and then judge for yourfelf.”  Reaumur, 

however, thought he had in fome meafure removed the veil, and 
explained their manner of generating: he fuppofes the queen bee 
to be the only female in the hive, and the mother of the next 
generation ; that the drones are the males, by which fhe is fecun- 
dated; and that the working bees, or thofe that colle€t wax on 
the flowers, that knead it, and form from it the combs and cells, 
which they afterwards fill with honey, are of neither fex. The 
queen bee is known by it’s fize, beg generally much larger than 
the working bee or the drone. 


“ High on her throne, the bright imperial queen 
Gives the prime movement to the ftate machine : 
She in the fubjeé& fees the duteous child; | 
She the true parent, as the regent mild ; 

With princely grace invefted fits elate, 

Informs their conduét, and direéts the ftate. 

% % % x % % x 
The cluftering populace obfequious wait, 

Or fpread the different orders of the ftate ; 

Here greet the labourer on the toilfome way, 
And to the load their friendly fhoulders lay ; 

Or frequent at the bufy gate arrive, 

And fill with amber {weets their fragrant hive: ; 


* Boerhaave’s Life of Swammerdam. 
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Or feek repairs to clofe the fractur’d cell; 

Or fhut the waxen womb where embryos dwell. 
The caterers prompt a frugal portion deal, 
And give to diligence a hafty meal ; 

In each appointed province all proceed, 

And neateft order weds the fwifteft {peed ; 
Difpatch flies various on ten thoufand wings, 
And joy throughout the gladfome region rings.” 


Mr. Schirach, a German naturalift, affirms that all the common 
bees are females in difguife, in which the organs that diftinguith 
the fex, and particularly the ovaria, are obliterated, or at leaft 


from their extreme minutenefs have efcaped the obferver’s eye; 


that every one of thofe bees, in the earlier period of it’s exiftence, 
is capable of becoming a queen bee, if the whole community 


-fhould think it proper to nurfe it in a particular manner, and 


raife it to that rank: in fhort, that the queen bee lays only two 
kinds of eggs, thofe that are to produce the drones, and thofe 
from which the working bees are to proceed. 


Mr. Schirach made his experiments not only in the early {pring 
months, but even as late as November. He cut off from an old 
hive a piece of the brood comb, taking care that it contained 
worms which had been hatched about three days. He fixed this 
in an empty hive, together with a piece of honey-comb, for food 
to his bees, and then introduced a number of common bees into 
the hive. As foon as thefe found themfelves deprived of their 
queen and their liberty, a dreadful uproar took place, which 
lafted for the fpace of twenty-four hours. On the ceflation of this 
tumult, they betook themfelves to work, firft proceeding to the 

lie contitruc- 
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conftruétion of a royal cell, and then taking the proper methods. 
for feeding and hatching the brood inclofed with them; fome- 
times even on the fecond day the foundation of one or more 
royal cells were to be perceived ; the view of which furnifhed 
certain indications that they had eleéted one of the inclofed 
worms to the fovereignty. ‘The bees may now be left at liberty. 


The final refult ef thefe experiments is, that the colony of . 
working bees being thus fhut up with a morfel of brood comb, 
not only hatch, but at the end of eighteen or twenty days pro- 
duce from thence one er two queens, which have to all appear- 
ance proceeded from worms of the common fort, which appears 
to have been converted by them into a queen, merely becaufe 
they wanted one. * 


From experiments of the fame kind, varied and often repeated, 


Mr. Shirach concludes that al! the common working bees were 


originally of the female fex; but that if they are not fed, lodged, 
and brought up in a particular manner while they are in a 
larva flate, their organs are not developed ; and that it is to this 
circumftance attending the bringing up of the queen, that the 
extenfion of the female organs is effe€ted, and the difference in 


her form and fize produced. 


Mr. Debraw has carried the fubje@t further, by difcovering 
the impregnation of the eggs by the males, and the difference of 
the fize among the drones or males ; though indeed this laft cir- 
cumftance was not unknown to Meff. Maraldi and Reaumur. 
Mr. Debraw watched the glafs hives with indefatigable attention, 

from 
* Shirach Hiftoire Naturelle des Abcilles. 
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from the moment the bees, among which he took care there 
fhould be a large number of drones, were put into them; to the 
time of the queen's laying her eggs, which generally [oases the 
fourth or fifth day, he obferved, that on the firft or fecond day 
(always before the third) from the time the eggs are placed in 
the cells, a great number of bees faftening themfelves to one 
another hung down in the form of a curtain, from the top to the 
bottom of the hive ; they had done the fame at the time the queen 
depofited her eggs, an operation which feems contrived on pur- 
pofe to conceal what is tranfa€tmg: however, through fome 
parts of this veil he was enabled to fee fome of the bees inferting 
the pofterior part of their bodies each into a cell, and finking 
into, but continuing there only a little while. When they had 
retired, it was eafy to difcover a whitifh liquor left in the angle of 
the bafis of each cell, which contained an egg. Ina day or two 
this liquor was abforbed into the embryo, which on the fourth 
day aflumes it’s worm or larva ftate, to which the working bees ' 
bring a little honey for nourifhment, during the firft eight or ten 
days after it’s birth. When the bees find the worm has attained it’s 
full growth, they leave off bringing it food, they know it has no 
more need of it ; they have full, however, another fervice to pay 
it, in which they never fail, it is that of {hutting it up in it’s cell, 
where the larva is inclofed for eight or ten days: here a further 
change takes place; the larva, which was heretofore idle, now 
begins to work, and lines it’s cell with fine filk, while the working 
bee inclofes it exteriorly with*a wax covering. The concealed lar- 
va then voids it’s excrement, quits it’s {kin, and aflumes the pupa ; 
at the end of fome days the young bee acquires fufficient {trength 
to quit the lender covering of the pupa, tear the wax covering of 
it’s cell, and proceeds a perfect infect. 

To 
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. To prove further that the eggs are fecundated by the males, and 
that their prefence is neceflary at the time of breeding, Mr.De- _ 
braw made the following experiments. ‘They confift in leaving 
ina hive the queen, with only the common or working bees, 
without any drones, to fee whether the eggs fhe laid would be 
prolific. ‘To this end, he took'a fwarm, and fhook all the bees 
into a tub of water, leaving them there till they were quite fenfe- 
lefs; by which means. he could diftinguifh the drones, without 
any danger of being flung: he then reftored the queen and work- 
ing bees to their former ftate, by fpreading them ona brown 
paper in the fun ; after this. he replaced them in a glafs hive, 
where they foon began to work as ufual. The queen laid eggs, 
which, to his great furprize, were impregnated; for he imagined 
he had feparated all the drones, or males, and therefore omitted 
watching them; at the end of twenty days he found feveral of 
his eggs had, in the ufual courfe of changes, produced bees, while 
fome had withered away, and others were covered with honey. 
‘Hence he inferred, that fome of the males had efcaped his notice, 
and impregnated part of theeggs. To convince himfelf of this, 
he took away all the brood comb that was in the hive, in order to 
oblige the bees to provide a frefh quantity, being determined. to 
watch narrowly their motions after new eggs fhould be laid in 
the cells. On the fecond day after the eggs were placed in the 
cells, he perceived the fame operation that was mentioned before, . 
namely, that of the bees hanging down in the form of a curtain, 
_ while others thruft the pofterior part of the body ito the cells. 
He then introduced his hand into the hive, broke off a. piece of 
the comb, in which there were two of thefe infeGts; he found in 
neither of them any {ting (a circumftance peculiar to the drones); 


upon diffection, with the afliflance of a microfcope, he difcovered 
the 
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the four cylindrical bodies which contain the glutinous liquor, - of 
a whitifh colour, as obferved by Maraldi in th ‘large drones. He 
was therefore now under a neceflity of repeating his experiments, 
in deftroying the males, and even thofe which might be fufpeéted 
to be fuch. ! 


He once more immerfed the fame bees in water, and when 
they appeared in a fenfelefs flate, he gently prefled every one, in 
order to diftinguifh thofe armed with {tings from thole which had 
none, and which of courfe he fuppofed to'be males: of thefe laft 
he found fifty-feven, and replaced the fwarm in a gla{s hive, 
where they immediately applied again to the work of making 
cells, and on the fourth or fifth day, very early in the morning, 
he had the pleafure to fee the queen bee depofit her eggs in thole 
cells: he continued watching moft part of the enfuing days, but 
could difcover nothing of what he had feen before. 


The eggs, after the fourth day, inftead of changing in the 
manner af caterpillars, were found in the fame ftate they were 
the firft day, except that fome were covered with honey. A 
fingular event happened the next day, about noon; all the bees 
left their own hive, and were feen attempting to get into a neigh- 


 bouring hive, on the ftool of which the queen was found dead, 


being no doubt flain in the engagement. This event feems' to 
have arifen from the great delire of ees their fpecies, 
and to which end the concurrence of the males feerns fo abfo- 
lutely necelfary ; ; it made them defert their habitation, where no 
tales were left, in order to fix a refidence ina new one, in which 
there was a good ftock: of thet, | 


To 
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To be further fatisfied, Mr. Debraw took the brood comb, 
which had not-been impregnated, and divided it into two parts ; 
one he placed under a glafs bell, No. 1, with honey-comb for the 
bees food, taking care to leave a queen, but no drones, among 
the bees confined in it: the other piece of brood-comb he placed 
under another glafs bell, No. 2, with a few drones, a queen, and a 
proportionable number of common bees. - Fhe refult was, that 
in the glafs, No.1, there was no impregnation, the egos remained 
in the fame ftate they were in when put into the glafs; and on 
giving the bees their liberty on the feventh day, they all flew 
away, as was found to be the cafe in the former experiment; 
whereas in the glafs, No. 2, the very day after the bees had been: © 
put into it, the eggs were impregnated by the drones, and the. 
bees did not leave their hives on receiving their liberty. 


The editor of the Cyclop--dia fays, that the fmall drones are 
all dead before the end of May, when the larger {pecies appear, 
and fuperfede their ufe ; and that it is not without reafon, that 2 
modern author fuggefts that a {mall number of drones are referved, 
to fupply the neceffities of the enfuing year; but that they are 
very little, if any, larger than the common bee. 


It does not enter into our plan to notice further in this place 
the wonders of this little fociety. A bee-hive is certainly one of 
the fineft objects that can offer itfelf to the eyes of the beholder. 
It is not eafy to be weary of contemplating thofe workfhops, 
where thoufands of labourers are conftantly employed in different 
works. While one party ‘is employed in colle&ling the matter of 
the wax, and filling their magazines with it, others work this 
wax, and build with it their cells; this is again polifked and. 

6 | perfected. 
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perfeéted by others: fome wander abroad to extra& the honey 
from the flower, which they afterwards depofit in cells, as well 
for the neceffities of the day as thofe of the inclement {eafon: 
fome cover with wax the cells that contain the honey, which is 
to be preferved, for the enfuing winter: others feed the young, 
&c, with various other employments, too numerous to be inferted 


here. 


The eggs of infects are contained and arranged in the body of 
the infeét, in veffels which vary in number and figure in different 
‘Ypecies ; the fame variety is found in the eggs; fome are round, 
others oval, fome cylindrical, and others nearly fquare; the 
{hells of fome are hard and fmooth, while others are {oft and 
flexible. It is a general rule, that eggs do not increafe in fize 
after they are laid; among infects we find, however, an excep- 
tion to this; the eggs a the mouches a {cie (tenthredo, Linn. ) 
increafe after they are laid, but their fhell is foft and mem- 
branaceous. 


The eggs of infeéts differ in their colours; fome may be found 
of almoft every fhade, of yellow, green, brown, and even black, 
The eggs of the lion puceron * (hemerobius, Linn.) are a very 
fingular objeét, and cannot have efcaped the eye of any perfon 
who is converfant among the infetts which live on trees; though 
of the many who have feen them, few, if any, have found what 
they really were. It 1s common to fee on the leaves and pedicles 
of the leaves of the plumb-tree, and feveral other trees, as alfo 
on their young branches, a number of long and flender filaments, 
‘yunning out to about an inch in length; ten or twelve of thefe 

| pee Kk | are 
* Reaumur Hitt. de InfeGtes, vol.-xi. p. 142. 
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are ufually feen placed near one another, and a vaft ‘number of 
thefe clufters are found on the fame tree; the end of each of thefe 
filaments is terminated by a fort of {welling, or tubercle, of the 
fhape of anegg. They have generally been fuppofed to be of 
vegetable origin, and that they were a fort of parafitical plant, 
growing out of others. There is a time when thefe ege-like balls, 
which terminate every one of thefe filaments, are found open at 
the ends; in this ftate they very much refemble flowers, and 
have been figured as fuch by fome authors, though they are only 
the eggs out of which the young animals had been hatched. and 
made their efcape. If thefe eggs are examined by a microfcope, 
a worm may be difcovered in them; or they may be put in a box, 
in which, ina proper time, they will produce an infeét, which, 
when viewed with a microfcope, will be found to be the true lion 
puceron. | 


Divine Providence inftruéts. the infects, by, a lower fpecies of 
perception, to depofit their eggs in fituations where their young 
ones will find the nourifhment that is moft convenient for them. 
Some depofit their eggs in the oak leaf, producing there the red _ 
gall; others chufe the leaf of the poplar, whieh {wells into a red 
node or bladder; to a fimilar caufe we are indebted for the red’ 
knob. which is often feen on the willow-leaf, and the three point- 
ed protuberances upon the termination of the juniper branches. 
The leaves of the veronica and ceraftium are drawn into a globu- 
lar head by the eggs of an infec lodged therein, The phalena 
neuftria glues it’s eggs with great fymmetry and propriety round: 
the fmaller branches of trees. Fig.1, Plate X. reprefents a 
magnified view of the neft of the eggs taken off the tree after the 


caterpillar had eat it’s way through them ; the flrong ground-work. 
ok 


MicROSCOPICAL Essays, _ 267 


of gum, by which they are connétted and bound together, is very 
vifible in many places; they flrengthen this conneétion further, 
by filling up all the intervening {pace between the eggs with a 
very tenacious fubftance. The eggs are cruflaceous, and fimilar 
to thofe of the hen. Fig. 3, Plate X. is a vertical feGtion of 
the eggs, fhewing their oval fhape. Fig. 5 is an horizontal 
fe€tion through the middle of the egg. It is not eafy to defcribe 
the beauty of thefe objects, when viewed in the lucernal micro- 
{cope ; the regularity with which they are placed, the delicacy of 
their texture, the beautiful and ever-varying colours which they 
prefent to the eye, give the EO a high degree of rational 


Getignt. 


Some depofit their eggs in the back of other infeéts ; thele, 
after having pafled throuen their various transformations, Bebome 
what is termed an ichneumon fly. In the Lapland Alps there is 
a fly covered with a downy hair, called the rhen-deer gad-fly, 
oeftrus tarandi, Linn. It hovers all day over thefe animals, 
whole legs tremble under them; they prick up their ears, and 
flee to the mountains covered with ice and f{now, to efcape from 
a little hovering fly, but generally in vain, for the infeét but too 
foon finds an opportunity to lodge it’s egg in the back of the 
deer ; the worm hatched from this egg perforates the fkin, and 
remains under it during the whole winter; in the following year 
it becomes a fly. The oeftrus bovis is an equal terror to oxen; 
the hippobofca equina to horfes ; oeftrus ovis * to the fheep, &c. 
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The gnat, the ephemera, the phryganea, the libellula, hover 
over the water all day to drop their eggs, which are hatched in 
the water, and continue there all the time they are in the larva 
form. ‘The mafs formed by the gnat refembles a little veflel fet 
afloat by the infeét; each egg is in the form of a keel ; thefe are 
curioufly connected together. The gnat lays but one ego ata 
time, which fhe lays upon the water in a very ingenious and fim- 
ple manner; fhe ftretches her legs out, and crofles them, thus 
forming an angle to receive and hold the firft egg; a fecond egg 
is foon placed next the firft; then a third, and fo on, till the bafe 
is capable of fupporting itfelf ‘The fpawn of this infe@ is fome- 
times above an inch long, and one-eighth of an inch in diameter, 
and tied by a little ftem, or ftalk, to fome flick or ftone. Some- 
times they are laid in a fingle, fometimes in a double fpiral line ; 
fometimes tran{verfely. Many moths cover their offspring with 
a thick bed of hair, which they gather from their own body; 
while others cover them with a glutinous compofition, which, 
when hard, proteéts them from moifture, rain, and cold. The 
_gall-flies, it has been already obferved, know how to open the — 
nerves of the leaves, to depofit thus their eggs in a place which 
afterwards ferves them for a lodging, and a magazine of food, 
The folitary bees and wafps prepare an habitation for their little 
ones in the earth, placing there a proper quantity of food for 
them, when they proceed from the egg. The voracious and 
cruel fpider is attentive and careful of it’s eggs; the wolf fpider 
carries them on its back in a little bag formed of it’s ilk; it can-. 
not be feparated from them but by violence, and exhibits the 
moit marked figns of uneafinefs ;when deprived of them: a cir- 
cumftance the more remarkable, as they love to deftroy each 
other, and even carry on their courtfhips with a diffidence and 

4 caution 
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‘caution unknown in any other {pecies of animals. The hiftory 
of bees and wafps, and their care and attention to their offspring, 
is fo well known, that I may with propriety pais it over here, and 
proceed juift to notice the induftrious ant, whole paternal affeCtion 
and cate is not fo well known. — They are not latishied with pla- 
cing their eggs in fituations made on purpole, and to raife or rear 
them till they come to their nymph or pupa {tate ; but they even 
extend their care tothe pupa, removing them from their neft to 
the furface of the earth, whenever the weather is fine, that they 
may receive the bemignant influence of the fun, carrying them 
back again as foon as, the air begins to grow cold. If any acci- 
dent difturbs their neft, and difperfes the pupas, they manifeft 
the greateft figns of diftrefs, feeking the loft and {cattered pupas, 
placing them m fome {heltered: place while they repair the nelft, 
when they again tranfport them to it.* Many other curious par~ 
ticulars might be related relative to, this induftrious infeét, as 
their uniting together in {cooping out-earth, and tranfporting the 
materials for the conftruction of their nefts, and the curious 
Grugture of the nett itfelf, which, though it appears piled up at 
random, will be found, on ftri€ter examination, to be a work of 
art and defign, with other circumftances which are too long to.be 
enumerated here. 


The perception by which infects are actuated, fo as to fecure 
in the moft wonderful manner their offspring, merits the moft 
attentive confideration, and ftrongly marks the regular proceed- 


* Leflers Theologie des InfeCies, tom. 1, p- 143. 
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will contribute to their perfe€tion, and be acceptable to the 
feveral appetites of their young ones. This is beautifully 
illuftrated by Mr. Brooke, in his philofophical poem on Univer- 
fal Beauty, where, fpeaking on this fubjef, he fays, 


Each as refleéting on their primal flate, 

Or fraught with {cientific craft mnate, 

With confcious {kill their oval embryo fhed, 

Where native ‘firft their infancy was fed: 

Or on fome vegetating foliage glued ; 

Or o'er the flood they f{pread their future brood : 

A flender cord the floating jelly binds, 

Eludes the wave, and mocks ‘the warring winds. 

O’er this their {perm in f{piral order lies, 

And pearls in living ranges greet our eyes. 

In firmeft oak they fcoop a {pacious tomb, 

And lay their embryo in the fpurious womb: 

Some flowers, fome fruit, fome gums, or bloffoms chufe, 

And confident their darling hopes infule ; 

While fome their eggs in ranker carnage lay, 

And to their young adapt the future prey. 

e 8 8 8 8 8 8 & 

All by their dam’s prophetic care receive 

Whate’er peculiar indigence can crave : 

Profufe at hand the plenteous tables fpread, 

And various appetites are aptly fed. 

No lefs each organ fuits each place of birth, 

Finn’d in the flood, or reptile o’er the earth. 
Each 
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Each organ apt to:each precarious ftate, 
As for eternity, defign’d complete. 


Of all the produétions of nature, infeGts are the moft numer- 
ous, and multiply moft; their fecundity is prodigious, their 
multiplication aftonifhing ; the vegetables which cover the furface 
of the earth- bear: no. proportion, to their multitudes, every plant 
fupporting. a number often. of, fcarce perceptible-creatures ; of 
the fatal effeG's of their prodigious multiplication, our fruit-trees, 
&c. are toa often a deplorable teftimony. On the continent 
whole provinces often languifh in confequence of the dreadful 
havock made by the minute, but innumerable, hofts of infects. 


The following is:atrex periment of M. Lyoneton the generation 
of a moth which comes from the chenille a brofle: out of a brood 
of 950.eggs, that he had from afingle moth of this kind, he took. 
80, from which he got, when. they were arrived at their perfect 
fate, 15 females; from whence he deduces the following con- 
fequence: if 30 eggs. give 15 females, the whole brood of 350 
would have produced 65 ; thefe 65, in fuppofing them as fertile 
as.their mother, would have produced 22,750 caterpillars, among 
which there would have been at. leaft 4265 females, who would 
have produced for the third. generation.1,492,750 caterpillars. 
This. number would have been, much larger if the number of fe- 
males among thofe which were felected by M. Lyonet had been. 
greater. -M. de Geer counted in. the belly of a. moth 480 eggs, 
reducing thefe to 400, if fuppofing one-fourth only of thee to be 
females, and as fruitful,as. their mother, they will give birth to 
40,000 caterpillars for. the fecond generation ; and for the third, 
fuppofing all. things equal, four millions of caterpillars. It 1s not 

furprizing, 
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furprizing, therefore, that they are found fd numerous in years 
which are favorable to their propagation. But the Creator of 
all things has for our fakes limited this abundant multiplication, 
by raifing up hotts of enemies, who, befides ficknefs, ce, ‘deftroy | 
the fuperfluous quantity. | 


The following is a calculation of the fecundity of the queen 
bee, by M. de Reaumur: he found that fhe laid in the two 
months of March and April 12,000 eggs, fo that the fwarm which 
left the hive in May confifted of near 12,000 bees, all produced 
from one mother; but thefe calculations all fall {hort of thofe 
which were made ro Leeuwenhoek on a fly, whofe larva ‘feeds 
on flefh, putrid carcafes, &c. which multiply prodigioufly, and 
that in a fhort fpace of time. ‘One of thefe laid 144 eggs, from 
which he got as many flies in the firft month; fo that fuppofing 
one-half of thefe to be females, in the third month we fhall have 
746,496, all produced in three months from one fly. 


Or tHe Foop or INSEcTs. 


Infeéts feed upon all kinds of vegetable and animal fubftances: 
there is {carce any produ€tion of thefe two kingdoms which does 
not ferve for food to fome. kind of mfeét. They may, therefore, 
be confidered under two heads, thofe which live on vegetables, 
and thofe which are fupported by animal food; each infect knows 
the food which is proper to fultain it’s life, it knows where to 
feck it, and how to procure it. It has been already obferved, 
that feveral infeéts, when arrived at a flate of perfection, feed 
after their transformation upon food totally different from that 
which nourifhed them in their larva flate ; yet thefe are informed 


by 
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by the laws of Divine order, to place their eggs on fubjeéts proper 
for the larva which are to proceed from them. 


Among thefe which feed on vegetables, fome fink themfelves 
in the earth, deftroy the roots of the plants, and do confiderable 
injuries to our gardens, &c. The food of others is dry and 
hard; they pierce the wood, reduce it to powder, and then feed 
onit; fome, asthe coflus, deftroy and attack the trees, while the 
food of others more delicate is the leaves. The leaf is eat in a 
different manner by different infe€is; fome eat the whole fub- 
ftance, whileothers feed only on the parenchemous parts, which 
are contained between it’s fuperficial membranes, forming within 
fide the leaf paths and galleries. ‘Thefe infefs are not always 
content with the leaf, but attack the flower alfo: even this food 
is too grofs for many ; the bee, the butterfly, the moth, as well 
as feveral f{pecies of flies, feed only on the honey, or finer juices, 
which they colle&t from flowers. Fruits, grains, and corn, are 
’ not free from them; they divide them with us, and often deprive 
us of large quantities. We are continually finding the larva of 
fome infect in pears, plumbs, peaches, and other 1 faite there 1s, 
indeed, no part of a plant which does not ferve as food to 
different infeGts ; fome have one kind of plant marked out for 
them to inhabit and feed on, others have another affigned to 
them, on which, and no other, they will feed; each has it’s appro- 
priate food, and though the parent animal eats not at all, or 
lives upon food entirely different, yet {he 1s guided, as we have 
already obferved, to depofit her eggs on eH peculiar fhrub or 
plant that will be food for her young ; while fome, more vora- 
cious than the reft, feed upon all with equal avidity. The grylus 
migratorius, a few iS fince, poured out of Tartary in fuch 

Oe deep quantities, 
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quantities, as to lay wafle great part of Europe, producing almoft 
unequalled calamities, fwarming in fuch multitudes as to cloud, 
the air, deflroying all the vegetables; in Sweden the cattle 
perifhed with hunger, and the men were forced to abandon their 
country, and fly to the neighbouring regions.* ‘The far greater 
part feed only, however, on one {pecies of plant, or at moft on 
thofe which are fimilar to it; and s fame {pecies may always be 
found on the fame plant. | 


Mr. de Reaumur fays, that the caterpillar, which infefts and 
feeds upon the eabbage, deftroys in twenty-four hours more than 
twice it’s weight. If larger animals required, a proportionable 
quantity, the earth would not be able to nourifh it’s inhabitants. 


A great number of infects rejett vegetable, and.live'on animal 
food; fome feeking that which is beginning to putrefy, while 
others delight im that which is entirely putrid; others again are 
nourifhed by the moft filthy puddles, and difgufting excrements.; _ 
fome attack and feed on man himfelf, while others are nourifhed' 
by his viétuals, his cloaths, his furniture: fome prey upon: 
infets of another fpecies, othersatt ack their own, and harrafs, 
each other with perpetual carnage.. 


Every animal has it’s appropriate lice, which feed’ on and infeft 
it. M. Rhedi has given an accurate account of a great number: 
of thefe little noxious creatures, accompanied with. figures.; but,. 
as if it were not fufficient that thefe creatures fhould dwell and: 
live on the external paxt of the body, apd fuck the blood of the: 

animal 


* Select Differtations from the Amomnitates Academica, vol..1, p. 398. 
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animal that they infeft, we find another fpecies of infets feeking 
their food in the more vital parts, and feeding on the flefh of the 
animal, while full of life and health. M. is Reaumur has given 
an hiftory of a fly (oeftrus bovis) which lives upon the backs, and 
feeds on the flefh of young oxen and cows, where it produces a 
kind of tumor. ‘The fly lodges 1 it’s eggs in the flefh, by making a 
number of little wounds, in each of waliel 1 it depofits eggs, fo that 
every wound becomes a neft, the eggs of which are hatched by 
the heat of the animal. Hee the larva finds abundant food at 
the fame time that it is prote€ted from the changes of the wea- 
ther; and here they flay till they are fit for transformation. The 
parts they inhabit are often eafy to be difcovered by a kind of 
lump, or tumor, which they form by their ravages; this tumor 
fuppurates, and 1s filled with matter; on this difgufling fubftance 
the larva feeds, and his headis always found plunged in it. 
When the time of their metamorphofis is ready, the larva falls 
_upon the ground, and feeks a convenient pate for the operations 
of the enluing change. 


There is a fpecies (oeftrus hemorrhoidalis) which depofit their 
eggs in the reCium of horfes, it being in the inteftines of thefe 
only that they can be nourifhed.. M.'Vallifinieri has. given an 
account of the introdu€tion of thefe eggs into the horfe, as ob- 
ferved by a friend of his who was looking at fome that were 
feeding quietly ina meadow : on a fudden they began to leap and 
jump, roll themfelves on the ground, then run, beat about their 
tails, and were otherwife violently agitated; perfuaded that thefe 
extraordinary motions were produced by a fly that was buzzing 
about them, he obferved them narrowly. The fly not being able 
to fucceed in it’s attacks on thefe, quitted them, and flew towards 
L]1 2 a mare, 
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a mare, who was feparated from the reft, making lefs noife than 

before, and here it was more fuccefsful ; it pafled under the tail, 

and by caufing an itching near the anus, forced the mare to puth 

out the edge of the inteftine, to open it, and then to enlarge the 

_ opening; the fly profited by this opportunity, and depofited it’s, 
eggs in the fold of the inteftine ; ma little time the mare became 
almoft furious, and was agitated in the moft violent manner for a 

quarter of an hour, when fhe began to grow more ealy. ’ 


Nearly allied to the preceding are the following curious obfer- 
“vations of an ingenious naturalift on the ichneumon fly. “ As I 
was obferving, fays he, one day fome caterpillars which were 
feeding voluptuoufly on a cabbage-leaf, my attention was at- 
tracted towards a part of the plant, about which a little fly was 
buzzing on it's wing, as if deliberating where to fettle: I was fur- 
prized to fee the herd of caterpillars, creatures of twenty times 
it’s fize, endeavouring in an uncouth manner, by various contor- 
tions of the body, to get out of it’s way, and more fo, whenever 
the fly poifed on the wing as if going to drop; at length the 
ereature made it’s choice, and feated itfelf on the back of one of 
the largeft and faireft of the clufter; it was in vain the unhappy: 
reptile endeavoured to diflodge the enemy. If the caterpillar 
had {hewn terror on the approach of the fly, it’s anguifh at inter- 
vals now feemed intolerable, and I foon found that it was i con- 
fequence of the ftrokes, or wounds, given by the fly. At every 
wound the poor caterpillar wreathed and twifled it’s whole frame,, 
endeavouring to difengage itfelf; by finaking off the enemy, 
fometimes aiming it’s mouth towards the place; but it was all in 
vain, it’s little but cruel tormentor kept it’s place. When it had 
‘inflifted thirty or forty of thefe wounds, it took it’s flight with a 

a vilible 
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vifible triumph; im each of thefe wounds the little fly had 
depofited an egg. I took the caterpillar home with me, to ob- 
ferve the progrels of the eggs which were thus placed in it’s body, 
taking care to give it a fre{h fupply of leaves from time to time; 
it recovered to all appearance in a few hours from the wounds it 
had received, and from that time, for the fpace of four or five 
days, feemed to live comfortably, feeding voraciouflly. The 
eggs were all hatched into {mall oblong voracious worms, which 
fed from the moment of it’s appearance on the flefh- of the eater- 
pillar, in whofe body they were inclofed, and: feemingly without 
‘wounding the organs of refpiration or digeftion; and when they 
had arrived at their full growth, they eat their way out of the 
fides of the animal, at the fame time deftroying it. The cater- 
pillar thus attacked by the larva of the ichneumon neyer elcapes, 
it’s deftru€tion is infallible; but then it’s life 1s not taken away at 
once; the larva, while it is feeding thereon, knows how to {pare 
the parts which are effential to it’s life, becaufe it’s own is at that 
time tied up in that of the caterpillar. No butterfly 1s produced 
from it; the worms that feed on the wretched creature are no 
fooner out of it’s body, than every one {pins it’s own web, and 
under this they pafs the ftate of reft neceflary to. introduce them 
to their winged form.” * : 

Of this flrange fcene it is difficult for us to form a proper 
judgment; weare unacquainted with the organs of the caterpillar, 
ignorant of the nature of it’s fenfations, and therefore we cannot 
be aflured what may be the effects of that which we fee it fuifer. 
« Tt is wifdom to fuppofe we are ignorant, while we know the 
Creator cannot be cruel.” From: 1evelation we learn, that man 

1S 


* InfpeGtor, No. 64. 


278 MrcroscorpicaLn Essays. 


is the mean through which life is conveyed to the creatures of 


this lower world; that by finking into error, and foftering evil, 
he perverts his own life, and corrupts all that which proceeds 
from him: fo that the effe€is are the fame on the orders be- 
neath him, as would arife to the warid if a continual cloud was 
placed between-us and the fun, depriving us at once of the falu- 


tary effects of it’s invigorating heat and cheering light. 


Laftly, many infects feed upon others; nay, fome even upon 
their own fpecies. ‘The numbers of thefle two kinds are very 
numerous; and it is amongtt thele that we find the traces of the 
greatelt art and cunning, as well in attack as in defence. Some, 
indeed, ufe main force alone, others employ addrefs and cunning. 
Every body is acquainted with the dexterous arts of the fpider, 
ithe curious web he {pins, it’s regular conftruétion, and the central 
pofition of the fpider, in order to watch more effeCiually the leaft 
motion that may be communicated to it’s tender net. The art 
and hiftory of the formica leo are alfo well known, and a defcrip- 
tion of them would lead us too great lengths. ‘Thofe who would 
wifh to purfue this fubject further, will find much fatisfaction in 
confulting the works of Reaumur and De Geer. 


Or THE HABITATION OF INSECTS. 


InfeGts may be divided, with refpe& to their habitations, into 
two clafles, aquatic and terreftrial. 


Standing waters are generally filled with infects, who live 
therein in different manners. There are, 1. Aquatic infects which 
remain always on the fuperficies of the water, or which at leaft 


plunge 
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plunge themfelves therein but rarely. 2. Others that live only 
in the water, and cannot fubfut out of it. 3. Many, after 
having lived in the water while in the larva and. pupa ftate, come 
out afterwards with wings, and become entirely terreftrial. 
4. Some undergo all their transformations in the water, and then 
become amphibious.. 5. Others again are born and grow in. the 
water, but undergo their pupa ftate on.dry land, and after they 
are arrived at their perfect ftate live equally in air and water. 
6. Laftly, there are fome who live at the fame time part in the 
water, and part on land, and which after their transformation 
ceafe to be aquatic. 


Among the infects which remain on the fuperficies of the 


water, are fome fpiders, which run with great addrefs and! 


agility, without moiftening their feet or their body; when they 
repole themfelves, they extend their feet as much as poffible. 
There are alfo aquatic bugs, which fwim, or rather run, on the 
water with great velocity, and by troops; another bug walks 


very {lowly on the water; the gyrinus moves very fwiftly, and in ~~ 
circles. There ts.a {pecies of podura * which live in fociety, and + 


are often accumulated together in, little black lumps. Thole in- 
fe&ts which always live in the water are generally born with the 


figure: which they preferve during their whole lives, as the mono-. 


oe 


culi, crabs, feveral kinds of water-mites, &c.. 


The number of thofe which, after having lived in the water, 
leave it when in a winged flate, is very great: among thele we 
may reckon: the libellula, the ephemera, the phryganea, culices, 


ornare ati et 


tipulee, and fome {pecies of mufc.. All thefe, when in the larv fi) 


and 


* De Geer Difcours fur les Infetes, tom. 2, p. 103. 
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and pupa ftate, live in the water; but when they have aflumed 
their perfect form, they are satiety terreftrial, and would be 
‘drowned therein. 


The notonetta, the nepa or aquatic {corpion, &c. never quit 
the water till they have patled through all their transformations, 
when they become amphibious, generally quitting it im the 
evening. 


The water-beetles, of which there are many {pecies, remain in 
the water all day, but towards evening come upon the ground 
and fly about, but plunge themfelves avain in the water at the 
approach of the nifing fun. The larve of thefe infeéts are entirely 
aquatic ; but when the time of their pupa flate arrives, they take 
to the earth, where they make a [pherical cafe : fo that thele in- 
fe&ts are aquatic as larva, terreftrial as pupa, and amphibious in 
the imago flate. ) 


We find an inftance of an infeét that lives at the fame time in 
the water and the air, in the fingular larva defcribed by M. de 
Reaumur, Memoires de Acad. in 1714, p. 209. It has the head 
and tail in the water, while the reft of the body is continually 
kept above the furface. In order to fupport itfelf in this fingular 
pofition, it bends the -body, bringing the head near the ‘tail, 
raifing- the reft above the water, and fupporting itfelf againft 
fome fixed objeét, as a plant, or againft the borders of the pond ; 
or, if it is placed in a glafs vellel, againft the fides of the vellel ; 
and if the glafs be inclined gently, fo that the water may nearly 
cover the larva, it immediately changes it’s pofition, in order that 


part of the body may he kept dry. 
 — At 
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At the baths of Abano, a {mall town in the Venetian flate, 
there is a multitude of {prings, f{lrongly impregnated with fulphur; 
and of a boiling heat. In the midft of thefe boiling {prings, 
within three feet, of four or five of them, there is a tepid one 
about bleod-warm. In thefe waters, not- only the common pota- 
mogeitous and confervas, or pond-weeds and water-mofles, are 
found growing in an healthy ftate; but numbers of finall black 
water-beetles are feen fwimming about, which die-on being taken 
-out and plunged Pye into cold water,* 


Many infects that-live under the furface ‘of the earth-crawl out 
en certain occafions, as the julus, {eolopendra, .and the onifcus 3 
they are alfo often to be found under ftones, or pleces of rotten 
wood. Seme infects remain under ground part of their life, but quit 
that fituation after their-change ; as do fome caterpillars, many of 
the coleoptrous clafs, &c. We have already taken notice that 
numbers delight to dwell in filth and naftinefs. The formica leo 
forms it’s habitation in the fand, .as well as.many {piders; one of 
thefe forms.a hole in the fand, and then lines it with a kind. of 
filk, to prevent it’s crumbling away; it generally keeps on the 
watch near the mouth of the hole, and if it pene: a fly, runs 
at it with fuch velocity, as feldom to fail in it’s. attempt of feizing 
it, and then carries it to it’s little den. 


scchewdpider difcovered by Mr. Abbé Sauvage,t burrows 
in the-earth like a rabbit, making a hole one or two feet deep, of 
a regular diameter, and fufficiently large to move itfelf with eafe, 
Xt lines the whole of it, either te keep the ground from tumbling 
Mm in, 


‘* Jones’s Phyfiological Difquifitions, p, 171. 
+ Hiftoire de ’Acad. 1758, p. 26. 


282 MicroscoPicAL ESSAyYs, 


in, or in order to perceive more regularly at the bottom. what 
happens at the mouth, at which it forms a kind of door, made of 
different layers of earth, conneéted together by threads, and | 
covered with a ftrong web of a clofe texture; the threads are 
prolonged on one fide, and fixed to the ground, fo as to form a 
{trong jot; the door is hung in fuch a manner, as always to fall 
by it’s own gravity. One of thefe cafes, or nefts, is in her 
Majefty’s cabinet at Kew. 


InfeGis are found no where fo numerous as in trees and plants, 
where they find abundant food. They dwell 1. in the roots; 
2. in the wood; 3. in the leaves, and in the galls which grow 
upon the leaves and branches; 4. in the flowers; 5. in the fruits 
and grains. It would be too tedious to enumerate the various 
fpecies of thefe inhabitants; many particular obfervations have 
been already noticed; it has alfo been mentioned, that fome in- 
habit the moft feetid fubftances they can find, while others 
dwell with and live on the larger animals; fo that it only remains 
juft to mention fome of thofe in whom induftry and art is more 
{trongly marked to our eyes than in others. 


Among the-folitary bees there are fo many curious circum- 
ftances to be deferibed, that a fingle volume would not fuffice to 
contain the particulars ; we fhall here only relate fuch as concern 
their habitations. One of thefe forms it’s neft under ground, 
which is compofed of feveral cells artfully let into each other, but 
not covered with a common inclofure; each cell confifts of two 
or three membranes, inexpreflibly, fine, and placed over each 
other. The cavity, in which the neft is placed, is fmeared over 
with a layer of matter, like that of which the cells are formed, 

and 
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and apparently fimilar to that vifcous humour which fnails fpread 
in their paffage from one place to another, and it is probable that” 
they are formed of the fame materials; this fubftance, though 

of fo delicate a nature, givesthem fuch a degree of confiftency, 

that they may be handled without altering theirform. An ege is 

depofited at the bottom of each ceil, where, after it is hatched, 

the worm finds itfelf in the midit of a plentiful {tock of provifion : 

for in each cell there is placed a quantity of pafle, or a kind of 
wax,’ which is to ferve as food for the worm, and fupport the 

wall of the cell. The worm is alfo inftruéted fo to conduét itfelf, 

and eat this food, as to leave fufficient props for fupporting the 

walls of it’s apartment. 


Many fpecies of thefe bees content themfelves with penetrating 
into the earth, {cooping out hollow cavities therein, polifhing 
the walls, then depofiting an egg and a fufficient quantity of” 
provifions. 


There is another fpecies, that forms it’s neft under ground 
with remarkable induftry ; this bee generally makes a perpendi- 
cular hole in the earth about three inches deep, and cylindrical 
till it comes within about three-fourths of an inch of the bottom, 
when it begins to open it wider ; as foon as the bee has given it 
the fuitable proportions, it proceeds to line with tapeftry not only 
the whol infide of it’s dwelling, but round the entrance: the 
fabftance with which it is lined is of a crimfon colour, and looks 
like fattin. From this circumftance Mr. de Reaumur * terms it the 
tapeftry bee. ‘This tapeftry, or lining, is formed of fragments of 

Mim 2 | the 
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the flowers of the wild poppy, which fhe cuts out curioufly; ‘are? 
then feizing them with her legs, conveys them to her neft. If the: 
pieces. are rumpled fhe {traitens them, and'then affixes them to. 
her walls witn wonderous art; fhe generally applies two. layers 
of thefe fragments on each other. If the piece fhe has cut.and. 
ranf{ported is too large for the place fhe intends it for, fhe clips. 
off the fuperfluous parts, and conveys the fhreds out of the- 
apartment. 


After the bee lias lined lier cell} fhe fills it nearly half an inch: 
deep with a pafle proper to nourifh the larva when hatched. 
from the egg; when the bee has amafled a: fufficient quantity, of | 
pafte, fhe then takes her tapeftry, and folds it over the pafte and, 
ege, whichare by this means inclofed as if were in a bag of pafte ;. 
this done, fhe fills up with earth the empty fpace that is above. 
the bag. ‘There is another bee-which does the fame with rofe. 
leaves, and in the fubftance of a thick poft.. A friend of mine 
had a piece of wood cut from a {trong poft that fupported the roof. 
of a cart-houle, full of thefe cells or round ‘holes, three-eighths of 
an inch diameter, and about three-fourths deep, each of which was. 
filled with thefe.rofe-leaf cafes, finely covered. in at top and bottom, 


The mafon bee is fo-called by Reaumur from the manner of it’s. 
building it’s neft.. Thefe. bees colleé& with their jaws {mall par-. 
cels of earth and fand, which they. glue together with a flrong. 
cement, which is furnifhed from the probofcis; and 'of this they 
form a fimple but commodious habitation, which is. generally 
placed along walls that are expofed to the fouth. Each neft re-. 
~fembles a lump of rude earth, of about fix or feven inches: 
diameter, thrown againft the wall ; the labour of conftru€iing fo. 

| elarge- 
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large-an edifice mult be very great, as the bee can only carry a. 
few grains at a time. The exterior form is rude and irregular, 
but the conftru€tion and art exhibited in the interior parts make 
up for this feeming defeét ; it is generally divided into twelve or 
fifteen cells, feparated from each other by a thick wall; in each 
of thefe an egg is depofited by. the parent bee.. The cells are not 
conftru€ted all at once, for when one is finilhed.fhe places an egg 
therein, with a fufficient quantity of honey to nourtth the larva ; 
fhe then builds another. When the infect 1s arrived at a. proper 
flate, 1t penetrates through it’s inclofures by means of it’s ftrong. 
jaws. When all the bees have quitted the neft, there are as many 
holes on the furface thereof as there are cells within. We find no: 
neutral bees among this fpecies,, or at leaft we do not know of any 
being yet difeovered.. 


_ Another fpecies of the folitary bee (apis centuncularis, Linn.) 


- conftruts her neft im pieces of rotten wood, and has therefore 


been called the carpenter bee.* She divides it into flages, dif- 
pofing them fometimes in three rows, with partitions curioufly 
left between each; in thefe fhe depofits her eggs, with the food’ 
neceflary for the young ones when hatched. They feparate the 
wood in a very expeditious manner, by dividing it’s ligneous. 
fibres, or threads, till they have made a proper fized hole.. 


The art and fagacity difplayed by another bee, + whole neft is 
conftruéted of fingle pieces of leaves, 1s truly wonderful. The 
neft itfelf is cylmdrical, formed of feveral cells, placed one within 
the-other as thimbles are-in a Hardware fhop. ‘The cells confit 


ot 


* Geoffroy Hift. abregée des Infectes, tom. 2, p. 401- 
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of feveral pieces cut from one leaf, of forms and proportions 
proper to coincide with the place each is intended to occupy. 
‘The outer cafe, or cover, is formed with equal care and exaét- 
nefs. Ina word, fays M. Bonnet, there is fo much exattnels, 
fymmetry, uniformity, and flall, in this little mafter-piece, that 
we fhould not believe it to be the work ofa fly, if we did not 
know at what {chool fhé learnt the art of conftruéting it. In 
each cell the mother depofits an almoft liquid iuhtance, and yet 
fo nicely are the cells formed, as not to fuffer any of this fubliance 
to be loft. But to fee the detail of the works of this bee, and the 
curious mechanifm of it’s cells, we muft refer the reader to Mr. 
de Reaumur’s admirable hiftory of infects. 


Of the mafon ichneumon wafp* (fphex, Limn.). The pro- 
ceedings of this are totally different from thofe of the common 
wafp, though equally curious with them. It generally begins 
it’s work in May, and continues at it for the greateft part of 
June. The true objett of her labour feems to be the digging of 
a hole a few inches deep in the ground ; yet in the.conftruéting of 
this fhe forms a hollow tube above ground, the bafe of which 1s 
the opening of the hole, and which it raifes as high above ground 
as the hole is deep below; it is formed with a great deal of care, 
refembling a grofs kind of fillagree work, confifting of the fand 
drawn from the hole. “The fand out of which fhe excavates her 
cell is nearly as hard as a common ftone; this it readily foftens 
with a penetrating liquor, with which fhe is well provided ; a 
drop or two of it is imbibed immediately by the fand on which it 
falls, which is inflantly rendered fo foft, that fhe can feparate and 

knead 


* Reaumur Mem. pour V’Hiftoire des Infeétes, tom. xi. par. 25 P+ 9- 
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knead it with her teeth and fore feet, forming it into a fmall ball, 
which fhe places on the edge of the hole as the foundation-ftone 
of the pillar fhe is going to ere€t: the whole of it is formed of 
fuch balls, ranged circularly, and then placed one above the 
other. She leaves her work at intervals, probably in order to 
renew her flock of that liquor which 1s fo neceffary for her opera- 
tions; thefe intervals are of fhort duration; fhe foon returns to 
her work, and labours with fo much a€tivity and_ ardour, 
that in a few hours fhe will dig a hole two or three inches deep, 

and raife a hollow pillar two inches high. After the column 
has been raifed a certain heighth perpendicularly from the 
hole, it begins to curve a little, which curvature increafes till 
it is finifhed, though the cylindrical form is maintained: fhe con- 
firus feveral of thefe holes all of the fame form, and for the 
fame purpofe. 


It is eafy to fee why the hole was dug in the ground ; that it 
was deftined to receive an egg; but it is not fo eafy to perceive 
why the tube of fand was formed. By attending to the labours of 
the wafp, one end, however, may be difcovered; it will be found 
to ferve the purpofe of a feaffold, and that the balls are as ufeful 
to the walp, as materials, &c. to the mafon; and are, therefore, 
placed as much within her reach as poflible. She ufes them to 
- ftop and fill up the hole after: the has depofited an egg therein, 
fo that the pillar is then deftroyed, and not the leaft remains left 
in the neft. The parent walp generally leaves ten or twelve 
worms as provifion neceflary and proper for the growth of the 
young larva: no purveyor could take better precautions than 
our wafp, for fhe has received her inftru€tions from Him who 
provides for the necefllities of all his creatures. In fele€ting the 

| 4 | worms, 
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worms, ihe chufes them of a proper fize, that they may ‘be fuf- 
ficient in quantity, and of an age that will not be in danger of 
:perifhing with hunger, in which cafe they would have been cor- 
rupted ;-fhe therefore feleéts them when they have their full. 
growth. It is alfo-obferved, thatif fhe:chufes a larger fort the 
_gives.a les nuntber of them, and fo reciprocally. 


“By thefe and fuch like inftances, every rational mind my 
confirm itfelf in favour of a Divine agency; for human’ reafon, 
if it be fo difpofed, may colle& and be convinced from the various 
operations in the vifible world, that there is a God, and that he 
is one ; * a'truth that is proved by immumerable teflimonies ; for 
the univerfe'is as a theatre, on-which the evidence of the exift. 
ence of a God and his unity are continually exhibited; and from 
thefe it may be feen, that God is the fole operator by and through 
nature: for it is clear that nature cannot regard ufes as the ends 
of her: operations, ‘or difpofe fuch ufes mto their orders and forms. 
This ‘isin the power of none but a wife being, and-of confe- 
quence of none but God, whofe wifdom bemg infinite, can. fe~ 
order and form the univerfe, as to make it a coherent.and uniform 
work, all promoting and forming a complex of ufes in erderly 
arrangement, for thé fervice of-man, who 1s ‘to be a conftituent 
of heaven: for the Divine Love cannot:defign any other end be- 
fides the eternal happinefs of the human race, by the communi- 
-cation of itfelf, and the Divine Wifdom can produce nothing but 
_ ufes 


The prime, the one, the wond’rous and the blefs’d, 


~The one in various forms of unity exprefs’d. 


* The fyftem one, one Maker ftands confefs’d, ¥ 
ig 
Brooke's‘ Univerfal Beauty, ‘b. iii. 
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- afes for the promotion of that end. By contemplating the world 


> 


under this enlarged idea, every wife man may difcern that the 
Creator of the univerfe is one,* and that his effence is love and 
wifdom ;” and that he effects whatfoever is done in nature, by his 
own operation, through the medium of the various celeftial and 
{piritual hierarchies, gradually defcending trom the higheft orders 
of this immenfe chain to the lowedft. 


Between the loweft-and higheft degree of corporeal or fpiritual 
perfection, there is an almoft infinite number of intermediate de- 
grees: the refult of thefe degrees compofes THE UNIVERSAL 
CHAIN. This unites all beings, conneéts all worlds, and com- 
prehends all fpheres. One soLz BEING is out of this chain, and 


that is He that formed it.t Again, life itfelf, and confequently 


the Lord, is the fupreme, only, and infinite ufe; all other exift. 
encies in heaven or earth, whether fpiritual or natural, are only 
ultimate effects, or manifeftations from that one infinite caufe, 
exhibiting emblems of the ONE, ETERNAL, INFINITE ule. 


From a retrofpeétive view of this chapter, we may _obferve a 
{iriking difference between man and the lower orders of animal 
creation. Man is born totally ignorant; fo much fo, that he 
has no knowledge even of the mother’s breaft, till he has been | 

: Nn brought 
% Hence ENDLESS GOOD; hence ENDLESS ORDER {pringss 
Hence that importance in minutett things ; 


And endle{s hence dependence muft endure, 
BLEsT IN.HIS WILL, and in his power fecure: 


Brooke’s Univerfal Beauty, b. vi. 


+ Bonnet’s Contemplation of Nature. 


290: Microscorican Essays. 


brought acquainted with it by repeated trials; he has no innate’ 


' jdeas, is unable to chufe what is proper for his food; he cannot 


form his voice to any articulate pronunciation, or to exprefs the 
affeGions of love: whereas, the beaft, the bird, and the infeét,, 
are born to all that knowledge which is neceflary for the gratifi- 


cation of thofe defires, or that love whieh forms their life; and: 


confequently in the knowledge of every thing relating to: their 
well being, their food, their habitations, the commerce of the 
fexes, their provifion for their young, &c.: from the mpulfe of 
the pleafure arifing from thefe innate defires.and affections, the 
larva is alfo prompted to feek and afpire after a change of it’s 
earthly ftate. If it were not foreign to the fubjeét in hand, it. 
might be eafy to fhew, by a variety of reafons, that this imper- 
feCtion of man at his.nativity conftitutes his real perfeétion, and. 
places him infinitely, if I may fo fpeak, above the brute creation +: 
for man isnot created relatively perfett, but formed. a recipient: 
of all perfeétion. ‘ 

From this view of things, we may, however, perceive that ant- 
mals are born in order, and confequently the Divine agency, 
influences or aéts on them more immediately. The fame wildom: 
which has conftruéted and arranged their various organs with fo 
much art, that they may concur to one determinate end, direéts: 
the animal towards this end. Hence it executes with precifion 
the works we fo much admire: hence it feems to a&as if it was 
capable of reafoning. — It is excited to all this by that ADORABLE ~ 
MIND which has traced out to . every infect it’s little circle, as he: 
has marked out to each planet it’s proper orbit. When, therefore, — 


_ we fee an infeét working a neft, a chryfalis, &c. we fhould view 


It 
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it with refpect, becaufe we are beholding a fcene behind which’ 
the SUPREME ARTIST is concealed from our eyes. 


We may hence, alfo, perceive that the operations of infects are 


the ultimate refult of the principles’ of life, upon their organiza- 
tion, which correfponds to the part they are to aét in the grand 


machine of the world; they are, indeed, but {mall parts, but 
thenthefe parts concur to produce one general effect, by their 


being interwoven with more important ones; fo that the thread 


{pun by a caterpillar has it’s relations to the univerfe as well as 
the ring of Saturn.* But how immenfe the number of parts, 


‘which are interpofed between this thread and the ring of Saturn» 
-and between. Saturn and the worlds of Syrius! If the uni- 


verle is one whole, the thread of the caterpillar will alfo be 


‘connected with the worlds of Syrius. How great mui that mind 


be which can comprehend this immenfe chain of various relations, 


‘and can perceive them all to refolve into unrry, unity mani- 


felled in Jenovan Jesus! It behoves us to remain in the place 
that has been allotted for us, from whence we can only difcover 


fome links of the chain. One day we fhall difcover more, and 


fee things more diflinétly : mean while we may confider thefe 
proceedings of the infeét race, which are fo diverfified and replete 
with induftry, as an agreeable {peftacle that furnifhes us with an 
inexhauttible fource of real pleafure, and ufeful inflru€tion ; that 
Teads us to the Author of the univerfe as it were by the thread of 
the caterpillar, and which makes us admire in the variety of their 
means, and in their tendency to the fame end, the fecundity and 
wildom of the oRDAINING MIND. 


Nn 3 As 


* Bonnet’s Contemplation of Nature. 
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As no infe€is exceed the termites in their wonderful economy; 
wife contrivances, and {tupendous buildings,. it will be proper to 
give the reader fome account of them, which we are enabled to 
do from the excellent paper defcribing them, which was written 
by the late Mr. Smeathman, and pueiaeed in the. Philofophical. 
Tranfattions for the year 4, 


The termites are reprefented by Linnzus as the greateft: 
plagues of both Indies, and are indeed every way between the 
tropics fo deemed, from the vaft damages they caufe, and, the: 
lofies which are experienced, in confequence of their eating and; 
perforating wooden buildings, utenfils, furniture, &c. which are: 
totally deftroyed by them, if not timely prevented ; for nothing: 


lefs hard than metal or ftone can elcape their moft deftruGtive- 


jaws.. 


They have been taken notice of by various travellers, in differ-. 
ent parts of the torrid zone; and indeed, where numerous, as. 
is the cafe in all equino@ial countries and iflands. that are not 
fully cultivated, if a perfon has not been incited by curiofity to: 
obferve them, he muft have been very fortunate, who, after a 
fhort refidence, has not been compelled.to it. for the fafety of his. 


property... 

Thefe infeéts have generally obtained the name of ants; it may 
be prefumed, from the fimilarity in their manner of living, which: 
is in large communities, that ereét very extraordinary nefts, for 
the molt part on the furface of the ground; from whence their 
_ excurfions are made through fubterraneous paflages, or covered. 
galleries, which they build, whenever neceffity obliges, or plunder: 

induce 
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rors 


induces them to march above ground, and at a ¢reat ditties 
from their habitations, earry on a bufinefs of depredation and de- 
ftruGion, {earce credible but to thofe who have feen it ; but not- 
withftanding they, live in communities, and are like the ants om- 
nivorous, though like them at a certain period they are furnifhed 
with four wings, and emigrate or colonize at the fame feafon, 
they are by no. means. the fame kind of infeéts, nor does their 
form correfpond with that of ants in any one ftate of their 
-exiftence. 


~The termites refemble the ants alfo. in their provident and 
diligent labour, but furpafs them,. as. well as. the bees,. wafps, 
beavers, and all other animals, in the arts of building, as much as. 
the Europeans excel the leaft cultivated favages. It is more than | 
probable they excel them as much in fagacity, and the arts of 
government ; it is certain they fhew more fubftantial inftances of 
their ingenuity and induftry than any other animals; and do, in 
fact, lay up vat magazines of provifions and other ftores ; a de- 
gree of prudence, which has of late years been denied, perhaps, 
without reafon, to. the ants. 


The communities confift of one male and one female, (who are 
generally the common parents of the whole, or greater part of 
the veft) and of three orders of infects, apparently of very differ-. 
ent {pecies, but really the fame, which together compofe great: 
commonwealths, or rather monarchies. 

The great Linnxus having feen or heard of but two of thele 
orders, has claffed the genus erroneoully ; for he has placed it, 
among the aptera, or infects without wings; whereas the chief 

Py) order,. 
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order, that is to fay, the infect in it’s perfeG ftate, having four 
wings, without any fting, it belongs to the neuroptera, in which 
clafs 4¢ will conftitute a new genus of many fpecies. 


The different fpecies of this genus refemble each other in form, 
in their manner of living, and in their good and bad qualities + 
but differ as much as birds in the manner of building their habi- 
tations or nefts, and in the choice of the materials of which they 
compole them. 


There .are fome f{pecies which build upon the furface of the 
ground, or part above, and part beneath; and one or two fpe- 
cies, perhaps more, that build on the ftem or branches of trees. 


Of every fpecies there are three orders ; firft, the working in- 
fe€ts, which, for brevity, we fhall generally call labourers; next 
the fighting ones, or foldiers, which do no kind of labour ; and 
laft of all, the winged ones, or perfeét infetts, which are male 
and female, and capable of propagation: thefe might very ap- 
politely be called the nobility, or gentry, for they neither labour, 
nor toil, nor fight, being quite incapable of either, and almoft of 
felf-defence. Thefe only are capable of being ele&ted kings or 
queens; and nature has fo ordered it, that they emigrate within 
a few weeks after they are elevated to this flate, and either efta- 
blifh new. kingdoms, or perifh within a day or two. 


The TERMES BELLICOSUS being the largeft {pecies, is moft 
remarkable, and beft known onthe coaft of Africa. It eretis 
immenfe buildings of well-tempered clay, or earth, which are — 
contrived and finifhed with fuch art and ingenuity, that we are 


6 at 
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at a lofs to fay whether they are moft to be admired on that 
account, or for their enormous magnitude and folidity. 


The reafon that the larger termites have been moft remarked. 
is obvious; they not only build larger and more curious nefts,, 
but are alfo more numerous, and do infinitely more mifchief to: 
mankind. When thefe infeéts attack fuch things as we would not 
with to have injured, ‘we muft confider them as moft pernicious ; 
but when they are employed'in deftroying decayed trees, and fub- 
fiances which only incumber the furface of the earth, they may 
juftly be fuppofed very ufeful; and for the reafon that they are: 
in. one fenfe moft pernicious, they are in the other moft ufeful. 
In this refpect they reflemble very much the common flies, which: 
are regarded by mankind. in general | as noxious, and ‘at belt as: 
ufelefs beings in the creation. 


The nefts of this fpecies are fo numerous all over the ifland of 
Bananas, and the adjacent continent of Africa, that it is {carce- 
poffible to ftand upon. any open place, fuch as a: rice plantation, 
or other clear fpot, where one of thefe buildings is notto be {een: 
almoft clofe to each other. In fome parts. near Senegal, as men- 
tioned by M. Adanfon, their number, magnitude, and clofenefs: 
of fituation, make them appear like the villages of the natives. 


Thefe buildings are ufually gemed hills, by natives as well as: 
ftrangers, from their outward appearance, which is that of little 
hills, more or lefs conical, generally very much in. the: form of 
fugar loaves, and about ten or twelve feet in. perpendicular 
height above the common furface of the ground. 


Thee 
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Thefe hills continue quite bare until they are fix or eight fe feet 
high; but in time the dead barren clay, of which they are com- 
pare) becomes fertilized by the genial power of the elements in — 
thefe prolific climates, and the addition of vegetable falts and 
other matters brought by the wind; and in the fecond or third 
year, the hillock, if not over-fhaded by trees, becomes like the 
reft of the earth, almoft covered with grafs and other plants ; 
and in the dry feafon, when the herbage is burnt up by the rays 
of the fun, it is not much unlike a very large hay-cock. 


Every one of thefe buildings confifts of two diftin@ parts, the 
exterior and the interior. 


The exterior.is one large fhell, inthe manner of a dome, large 
and ‘flrong enough to inclofe and f{helter the interior from the 
viciffitudes of the weather, and the inhabitants from the attacks 
of natural.or accidental enemies. It is always, therefore, much 
ftronger than the interior building, which is the habitable part, 
divided with a wonderful kind of regularity and contrivance into 
an amazing number of apartments, for the refidence of the king 
and queen, and the nurfing of their numerous progeny; or for 
magazines, which are always found well filled with flores and 
provifions. | 


Thefe hills make their firft appearance above ground by a 
little turret or two, in the fhape of fugar loaves, which are run a 
foot high, or more; foon after, at fome little diftance, while the 
former are increafing in height and fize, they raife others, and fo 
‘go on increafing the number, and widening them at the bafe, tll 


‘their works below are covered with thefe turrets, which they 
always 


eee 
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always raife the higheft and largeft in the middle, and by filling 


. up the intervals between each turret, collect them as it were into 


one dome. 


_ They are not very curious or exa& about thefe turrets, except 
in making them very folid and {trong ; and when, by the junction 
of them, the dome is completed, for which purpofe the turrets 
anfwer as {caffolds, they take away the middle ones entirely, ex- 
cept the tops, (which joined together make the crown of the 
cupola) and apply the clay tothe building of the works within, 
or to ereCting frefh turrets for the purpofe of raifing the hillock 
ftill higher ; fo that no doubt fome part of the clay is ufed feveral 
times, like the boards and polts of a mafon’s {caffold. 


The outward fhell, or dome, is not only of ule to protect and 
fupport the interior buildings from external violence, and the — 
heavy rains, but to colleét and preferve a regular degree of genial 
warmth and moifture, which feems very neceflary for hatching 
the eggs and cherifhing the young ones. 


The royal chamber, which, on account of it’s being adapted 
for, and occupied by the king and queen, appears to be, in the 
opinion of this little people, of the moft confequence, being 
always fituated as near the center of the interior building as 
poffible, and generally about the height of the common furface 
of the ground, at a pace or two from the hillock; it is always 
nearly in the fhape of half an egg, or an obtule oval within, and | 
may be fuppofed to reprefent a long oven, 


Oo ; eel 
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In the infant ftate of the colony, it is. not above an inch, or 
thereabouts, in length; but in. time will be -increafed to fix or 
eight inches, or more, in the clear, being always in proportioa 
to the fize of the queen, who, increafing in bulk as in age, at 
length requires a chamber of fuch ra 


The floor is perfeétly horizontal, and:in large hillocks,, fome- 
times an inch thick and upward of folid clay; the roof alfo, which 
is one folid and well-turned oval arch, is generally of about the 
fame folidity, but infome places it is. not a- quarter of an inch 
thick; this is on the fides where it joins the floor, and where the 
doors or entrances are made level therewith, at pretty equal 
diftances from each other. 

Thefe entrances will not admit any animal larger than the: 
foldiers orlabourers; fo that the king, and the queen (who is, when 
full grown, a thoufand times the weight of a king) can never 
poflibly go-out. 


The royal chamber, oe in a large hilloe 1s ER by am 
innumerable quantity of others, of different fizes, fhapes,. and: 
dimenfions ; but all of them arched in one way or another, fome- 

‘times circular, and fometimes elliptical or oval, 


Thefe either open into each other, or communicate by paflages 
as wide, and being always empty, are- evidently made for the 
foldiers and- attendants; of whom, it will foon appear, great 
aumbers are neceflary,. and of courfe always in waiting. . 


Thefe 
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Thefe apartments are joined by the magazines and nurferies ; 


the former are chambers of clay, and are always well filled with 


provifions, which to the naked eye feem to confift of the ra{pings 
ef woodand plants, which the termites deftroy, but are found in 
the microfcope to be principally the gums or infpiflated juices of 
plants. Thele are thrown together in little mafles, fome of which 
are finer than others, and refemble the fugar about preferved 
fruits; others are like tears of gum, one quite tranfparent, ano- 
ther like amber, a third brown, and a fourth quite opake, as we 
fee often in parcels of ordinary gums. 


Thefe magazines are intermixed with the nurferies, which are 
buildings totally different from the reft of the apartments; for 
thefe are compofed entirely of wooden materials, feemingly joined 
together with gums. They are called nurferies becaufe they are 
invariably occupied by the eggs and young ones, which appear at 
firft in the fhape of labourers, but white as fhow. Thefe build- 
ings are exceedingly compact, and divided into many very {mall 
irregular-{haped chambers, not one of which is to be found of 
halfan inch in width ; they are placed all round the royal apart- 
ments, and as near as poflible to them, 


_ When the neft is in the infant ftate, the nurferies are clofe to 


the royal chamber ; but as in procefs of time the queen enlarges, 
it is neceflary to enlarge the chamber for her accommodation ; 
-and.as fhe then lays a greater number of eggs, and requires a 
-greater number of attendants, fo it is neceflary to enlarge and in- 


creafe the number of the adjacent apartments; for which purpote, 
the {mall nurleries, which are firft built, are taken to pieces, 
Oo 2 rebuilt 
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rebuilt a little farther off a fize bigger, nd the number of theny | 
increafed at the fame time. 


Thus they continually enlarge their apartments, pull down, 
repair, or re-build, according to their wants, with a degree of 
fagacity, regularity, and forefight, not even imitated by any other 
kind of animals or infeéis.. 


The nurferies are inclofed in chambers of elay, like thofe which: 
contain the provifions, but much larger. In the early ftate of the 
- neft they are not bigger than an hazel-nut, but in great hills are 
often as large as a child’s head of a year old. 


The difpofition of the interior parts of thefe hills is very muelz 
alike, except when fome infurmountable obftaele prevents; for 
inflance, when the king and queen. have been firft lodged near_ 
the foot of a rock, or of a tree, they are certainly built out of the 
ufual form, otherwife pretty nearly according to the following 
plan. ) 


The royal chamber is fituated at about a level with the furface 
of the ground, at an equal diftance from all the fides of the build- 
ing, and dire€ily under the apex of the hill. It is on all fides,. 

both above and below, furrounded by what may be called the ~ 
royal apartments, which have only labourers and foldiers in: 
‘them, and can be intended for no other purpofe than for thele to: 
wait in, either to guard or ferve their common father and mother, 
on whofe fafety depends the happinefs, and, aceording to the 
negroes, even the exiftence of the whole community. 


Thefe- 
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Thefe apartments-ecompofe an intricate labyrinth, which ex- 
tends. a foot or more i diameter from the royal chamber on every 
fide. Here the nurleries and. magazines of provifions begin, and 
being feparated by {mall empty chambers and galleries, which go 
round them, or communicate from one to the other, are continued 
on all fides tothe outward fhell, and reach up within it two-thirds 
or three-fourths of it’s height, leaving an open area in the middle 
under the dome, which very much refembles the nave of an old 


eathedral; this is farrounded by three or four very large gothic- 
fhaped arches, which are fometimes two or three feet high next 


the front of the area, but diminifh very rapidly as they recede 
from thence, like the arches of aifles in perfpettive, and are foon. 
loft among the innumerable chambers. and nurferies behind them.. 


All thefe chambers, and the paflages leading to and from them, 
being arched, they help to fupport one another; and while the 
interior large arches prevent them falling into the center, and 
keep the area open, the exterior building fupports them on. the 
outfide. 


There are, comparatively {peaking, few openings into the great 
area, and they for the moft part feem intended only to admit that 
genial warmth into the nurferies which the dome colleéts. 

The interior building, or afflemblage of nurferies, chambers, 
&c. has a flattifh top, or roof, without any perforation, which. 
would keep the apartments below dry, in cafe through accident 
the dome fhould receive any injury, and let in water; and it 15)! 


never exactly flat and uniform, becaufe they are always adding to: 


it by building more chambers and nurferies :. fo that the divifions, 
Or 


2 
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or columns, between the future arched apartments, refemble the 
pinnacles upon the fronts of fome -old ‘buildings, and demand 
particular notice, as affording one proof that for the moft part 
the infects project their arches, and do not make them by exca- 
vation. 


The area has alfo a flattifh ‘floor, which lies over the royal 
chamber, but fometimes a good height’ above it, having nurferies 
and magazines between. It is likewife water-proof, and con- 
trived fo as to let the water off, if it fhould get in and run over, 
by fome fhort way, into the fubterraneous paflages, which run 
under the loweft apartments in the hill, in various diretions, and 
are of an aftonifhing fize, being wider than the bore of a great 
cannon. ‘There is an account of one that was meafured, that 
was perfectly cylindrical, and.thirteen inches in diameter. 


‘Thefe fubterraneous paflages, or galleries, are lined very thick 
with the fame kind of clay of which the hill is compofed, and 
afcend the infide of the outward fhell in a fpiral manner; and 
winding round the whole building up to the top, interfeét each 
other at different heights, opening either immediately mto the 
dome in various places, and into the interior building, the «new 
turrets, &c. or communicating thereto by other galleries of 
different bores or diameters, either circular or oval. 


From every part of thefe large galleries are various {mall pipes, 
or galleries, leading to different parts of the building; under 
ground there are a great many which lead downward, by {loping 
defcents three and four feet perpendicular among the gravel, from 
whence the labouring termites cull the finer parts, which being 

worked 
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worked up in their mouths to the confiftence of mortar, becomes 


that folid clay, or ftone, of which their hills and all their build- 


ings, except their nurferies, are compoled, 


Other galleries again afcend and lead out horizontally on every 
fide, and are carried under ground near to the furface, a vatt 
diftance: for if you deftroy all the nefts within one hundred 
yards of your houfe, the inhabitants of thofe which are left un- 
molefted farther off, will neverthelefs carry on their fubterraneous 
galleries, and invade the goods and merchandizes- contained in it 
by fap and mine, and do great mifchief if you. are. not. very 
circum{pect.. 


But to return to the cities from whence thele extraordinary ex- 
peditions and operations originate, it feems there is. a degree of 


neceffity for the galleries under the hills being thus. large, being 


the great thoroughfares for all the labourers and foldiers going 
forth or returning upon any bufinefs whatever, whether fetching 
clay, wood, water, or provifions ; and they are certainly well 
calculated for the purpofes to which they are applied, by the 


{piral {lope which is. given them; for if they were perpendicular, 


the labourers would not be able to.carry on their building with 
fo much facility, as they afcend a perpendicular with difneulty, 
and the foldiers can {carce do it at all.. It is on this account that: 
fometimes a road like a ledge is made on the perpendicular fide 
of any part of the building within their hill, which 1s flat on the ~ 
upper furface, and half an inch wide, and afcends gradually like 
a ftair-cafe, or like thofe roads which arecut on the fides of hills. 


and, mountains, that would otherwife be inacceflible: by which, 
andi 


2304 MicroscoricaL Essays, 


and fimilar contrivances, they travel with great facility to every 
Interior part. , 

Having given fome idea of the nefts, we now proceed to give 
a more particular account of the inlets themfelves, which will 
be exceedingly neceflary to a tolerable acquaintance with their 
ceconomy and management, their manner of building, fighting, 
and marching, and to a more\particular account of their ufes “iia 
the creation, and of the vaft mifchief they caufe to mankind. 
There are of every fpecies of termites three orders; of thefe 
orders the working infetts, or labourers, are always the moft 
numerous; in the TERMES BELLICOSUS there feemto be at the 
leaft one hundred labourers to one of the fighting infeéts, or fol- 
diers. They are in this flate about one-fourth of an inch long, | 
and twenty-five of them weigh about a grain, fothat they are not 
fo large as fome of our ants; from their external habit and fond- 
nefs for wood, they have been very expreflively called wood-lice 
by fome people, and the whole genus has been known ‘by that 
name, particularly among the French. They refemble them, it 
is true, very much at a diftance; they run as faft, or fafter, than 
. any other infect of their fize, and are inceflantly buftling about | 
their affairs. 


The fecond order, or foldiers, have a very different appearance 
from the labourers, and have been by fome authors fuppofed to 
be the males, and the former neuters; but they are, in fact, the 
fame infects as the foregoing, only they have undergone a change 
of form, and approached. one degree nearer to the perfeét flate. 
They are now much larger, being half an inch long, and equal 
in bulk to fifteen of the labourers. There is now, likewife, a 
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moft remarkable circumftance in the form of the head and mouth ; 
for in the former flate the mouth is evidently calculated for gnaw- 
ing and holding bodies’; but in this flate, the jaws being thaped 
juft like two very fharp’awls a little jagged, they are incapable of 
any thing but piercing or wounding, for which purpofes they are 
very effeQual; being as hard as a erab’s claw, and placed’ in a’ 
ftrong horney head, which is of a nut-brown colour, and larger 
than allthe reft of the body together, which feems to labour un- 
der great difficulty in carrying it: on which’ account, perhaps, 
the animal is incapable of climbmg up perpendicular furfaces. 


The third order, or the infe@ in it’s perfeG: flate, varies it’s form’ 
Gill more than’ ever; the héad, thorax; and abdomen, differ 
almoft entirely from ‘the fame parts in the labourers and foldiers ; 
and ‘befides this, the animal is now furnifhed with four fine large 
brownifh tranfparent wings, -with which it is, at the time of emi- 
sation, to wing it’s way in fearch of a new fettlement: in fhort, 
it differs fo much from it’s form and appearance in the two other 
flates, that it has never been fuppofed to be the fame animal, but 
by thofe who have {een it in the fame neft; and fome of thefe have 
diftrufted the evidence of their fenfes. It was fo long before Mr. 
Smeathman mét with them in thé nefts, that’ he doubted the in- 
formation which was given him by’ the natives, that they 
belonged to the fame Famili indeed, you may open twenty nefts 
without finding one winged one ; for thofe are to be found only 
jult before the commencement of the rainy feafon, when they un- 
dergo the laft change, which is preparative'to their colonization. 
Add to this, they fometimes abandon an outward part of their 
building, the community being diminifhed by fome accident that 
is unknown ; fometimes aiferent fpecies of the real ant (formica) 
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poflefs themfelves by force of a lodgment, and fo are frequently 
diflodged from the fame neft, and taken for the fame kind of 
infeGis. This is often the cafe with the nefts of the f{maller {pe-: 
cies, which are frequently totally abandoned by the termites, and: 
completely inhabited by different f{pecies of ants, cockroaches,, 
{colopendre, {corpions, and other vermin fond of obfecure retreats, 
that occupy different parts of their roomy. buildings. 


In the winged ftate they have alfo much altered their fize as. 
well as form. Their bodies now meafure between fix and feven-. 
tenths of an inch in length, and their wings above two inches 
and a half from tip to tip, and they are equal in bulk to about 
thirty labourers, or two foldiers. They are now alfo furnifhed: 
with two large eyes placed on each fide of the head, and very 
confpicuous ; if they have any betore, they are not eafily to be 
diftinguifhed. Probably, in the two firft flates, their eyes, if they. 
have any, may be {mall like thofe of moles.; for as they live like 
thefe animals always under ground, they have as little occafion 
for thefe organs, and it is not to be wondered at that we do not 
difcover them; but the cafe is much altered when they arrive at 
the winged ftate, in which they are to roam,. though but for a 
few hours, through the wide air, and explore new and. diftant 
regions. In this form the animal comes abroad during, or foon 
after, the-firft tornado, which at the latter end of the dry feafon 
proclaims the approach of the enfuing rains, and feldom waits for 
a fecond or third fhower; if the firft, as is generally the cafe, 
happens in the night, and brings much wet after it, the quantities 
that are to be found the next morning all over the furface of the 
earth, but particularly on the waters, is aftonifhing ; for their 


wings are only calculated. to carry them a few hours; and after 
the 
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the rifing of the fun, not one in a thoufand is to be found with 
four wings, unlefs the morning continues rainy, when here and 
there a folitary beimg is feen winging it’s way from one place to 
another, as if folicitous only to avoid it’s numerous enemies, par- 
ticularly various {pecies of ants, which are hunting on every {pray, 
on every leaf, and in every poffible place, for this unhappy race, 
of which, probably, not a pair in many millions get into a place 
of fafety, fulfil the firft law of nature, and lay the foundation of 
a new community. 


Not only all kinds of ants, birds, and carnivorous reptiles, as 
well as infects, are upon.the hunt for them, but the inhabitants 
of many countries eat them. | 


They are now become, from one of the moft a€tive, induftrious, 
and rapacious, from one of the moft fierce and implacable little 
animals in the world, the moft innocent, helplefs, and cowardly ! 
never making the leaft refiftance to the {malleft ant. The ants 
are to be feen on every fide in infinite numbers, of various {pecies 
and fizes, dragging thefe annual viétims of the laws of nature to 
their different nefts. It is wonderful that a pair {hould ever efcape 
fo many dangers, and get into a place of fecurity. Some, how- 
ever, are fo fortunate; and being found by the labouring 
infeéts that are continually running about the furface of the 
ground under their covered galleries, the little induftrious crea- 
tures immediately inclofe them in a fmall chamber of clay, fuit- 
able to their fize, into which at firft they leave but one fmall en- 
trance, large enough for themfelves and the foldiers to go in and 
out, but much too little for either of the royal pair to make ufe 
ef; and when neceflity obliges them to make more entrances, 
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they are never larger; fo that, of courfe, the voluntary fubjetts 
charge themfelves with the tafk of providing for the offspring of 
their fovereigns, as well as to work and to fight for them, until 
they fhall haye railed a progeny capable at leaft of dividing the 
tafk with them. | 


The bufinels of propagation, however, foon commences; and 
the labourers having conftruéted a {mall wooden nurlery, as be- 
fore defcribed, carry the eggs and lodge them there as faft as 
they can obtain them from the queen. 


About this tme a moft extraordinary change begins to take 
place in the queen, to which we know nothing fimilar, except in 
the PULEX PENETRANS of Linnaus, the j1ccEeR of the 
Weit-Indies, and in the different fpecies of coccus COCHINEAL. 
The abdomen of this female begins gradually to extend and en- 
large to f{uch an enormous fizé, that an old queen will have it 
icreafed fo as to be fifteen hundred or two thoufand times the | 
bulk of the reft of her body, and twenty or thirty thoufand times 
the bulk of a labourer ; the fkin between the fegments of the ab- 
domen extends in every dire€tion, and at laft the fegments are 
removed to half an ineh diftance from each other, thou ch at firlt 
the length of the whole abdomen is not above half an inch, They 
preferve their dark-brown colour, and the upper part of the ab- 
domen is marked with a regular feries of brown bars, from the 
thorax to the pofterior part of the abdomen, while the intervals 
between them are covered with a thin, delicate, tranfparent {kin, 
and appear of a fine cream colour, a little fhaded by the dark 
colour of the inteftines and watery fluid feen here and there be- — 
neath, It is fuppofed that the animal is upwards of two years 

-old 
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old when the abdomen is increafed to three inches in length: 
they have fometimes been found of near twice that fize. The 
abdomen is now of an irregular oblong fhape, being contraéted 
by the mufcles of every fegment, and is become one vaft matrix 
fll of eggs, which make long circumvolutions through an innu- 
merable quantity of very minute veflels, that circulate round the 
infide in a ferpentine manner, which would exercile the inge- 
nuity of a {kilful anatomift to difleét and develope. This fingular 
matrix isnot more remarkable for it’s amazing extenfion and fize, 
than for it’s periftaltic motion, which refembles the undulating of 
waves, and continues inceflantly without any apparent effort of 
the animal; fo that one part or other alternately is rifing and 
_ finking in perpetual fucceffion, and the matrix feems never at 
eft, but is always protruding eggs to. the amount, as have been 
frequently counted in old queens, of fixty in a minute, or eighty 
thoufand and. upwards in one day of twenty-four hours. 


- Thefe eggs are inflantly taken from her body by her attendants, 
(of whom there always are, in the royal chamber and galleries 
adjacent, a fufficient number in waiting) and carried to the 
nurferies, which in a great neft may fome of them be four or five 
feet diftant in a ftrait line, and confequently much farther by 
their winding galleries. Here, after they are hatched, the young 
are attended and provided with every thing neceflary, until they 
are able to fhift for themfelves, and take their {hare of the labours 
of the community. The foregoing is an accurate defeription and 
account of the termes bellicofus, or fpecies that builds the large 
nelts, in it's different flates, 
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Thofe which build either the roofed turrets, or the nefts in the 
trees, feem, in moft inftances, to have a ftrong refemblance to 
them, both in their form and ceconomy, going through the fame 
changes from the egg to the winged ftate. The queens alfo in- 
creale to a great fize when compared with the labourers, but 
very fhort of thofe queens before defcribed. The largelt are 
from about an inch to an inch and a half long, and not much 
thicker than a common quill. ‘There is the fame kind of ‘perif- 
taltic motion in the abdomen, but in a much {maller degree ; 
and as the animal is incapable of moving from her place, the 
eggs, no doubt, are carried to the different cells by the labourers, 
and reared with a care fimilar to that which is praétifed in the 
larger nelts. 


It is remarkable of all thefe different {pecies, that the working 
~ and the fighting infe€ts never expofe themfelves to the open air, 
but either travel under ground, or within fuch trees and fub- 
flances as they deftroy ; except, indeed, when they cannot pro- 
ceed by their latent paflages, and find it convenient or neceflary 
to fearch for plunder above ground : in that cafe they make pipes 
of that material with which they build their nefts. The larger 
fort ule the red clay ; the turret builders ufe the black clay; and 
thofe which build in the trees employ the fame ligneous fubftance 
ef which their nefts are compofed. 


The termites, except their heads, are exceedingly foft, and 
covered with a very thin and delicate {kin; being blind, they are 
no match on open ground for the ants, who can fee, and are all 
of them covered with a ftrong horny {hell not eafily pierced, and 
are of difpofitions bold, a€tive, and rapacious. 

Whenever | 
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Whenever the termites are diflodged from their covered ways, 
the various fpecies of the former, who probably are as numerous 
above ground as the latter are in their fubterrancous pailages, m- 
{tantly feize and drag them away to their nefls, to feed the young 
brood. The termites are, therefore, exceedingly folicitous about 
the preferving their covered ways in good repair; and if you de- 
molifh one of them for a few inches in length, it is wonderful how 
foonthey rebuild it. At firft, im their hurry, they get into the 
open part an inch or two, but ftop fo fuddenly, that it is very’ 
apparent they are furprized : for though fome run ftrait on, 
and get under the arch as {peedily as poflible in the further part, 


-moft of them run as faft back, and very: few will venture through 


that part of the track which is left uncovered. In a few minutes 
you will perceive them re-building. the areh, and by the next 
morning they will have reftored their gallery for three or four 
yards in length, if fo much has been:ruined; and upon opening’ 
it again, will be found as numerous as ever under it, palling both 
ways. Ifyou continue to deftroy it feveral times, they will at 
length feem to give up the point, and build another ina differ- 
ent direGtion; but if the old one led to fome favourite plunder; 


ina few days will rebuild it again; and, unlefs you deftroy their 


nelt, never totally abandon their gallery. They do-confiderable 
damage to houfes, &e. They make their approaches chiefly: 
under ground, defcending below the foundations of houfes and’ 
ftores at feveral feet from the furface, and rifing again either in: 
the floors, or entering at the bottom of the pofts, of which the 
fides of the: buildings are compofed, bore quite: through them, 
following the courfe of the fibres to the top, or making lateral 
pertorations and cavities here and there as they proceed. 


hile. 


ZI" MicroscoPicaL. Essays. | 


While fome are employed in gutting the pofts, others: afcend 
from them, entering a rafter, or fome other part of the roof, If 
they once find the thatch, which feems to be a favourite food, 
they foon bring up wet clay, and build their pipes, or galleries, 
through the roof in various direétions, as long as: it will fupport 
them ; fometimes eating the palm-tree leaves and branches of 
which it is compofed, and perhaps (for variety feems very pleafing 
to them) the rattan, or other running plant, which is ufed as a 
cord to tie the various parts of the roof together, and that to the 
polts which fupport it. ‘Thus, with the affiftance of the rats, 
who, during the rainy feafon, are apt to fhelter themfelves there, 
and to burrow through it, they very foon ruin the houfe, by. 
weakening the faftenings and expofing it to the wet. In the 
mean. time, the pofts will be perforated in every direftion, as 
full of holes as that timber:in the bottoms of fhips, which has 
been bored by the worms; the fibrous and knotty parts, which 
are the hardeft, being left to the lait. 


Thefe infeéts are not lefs expeditious in deftroying the fhelves, 
wainfcotting; and other fixtures of an houfe, than the houfe 
itfelf, They are continually piercing and boring in all directions, 
and fometimes go out of the broadfide of one poft into that of | 
another adjoining to it ; but they prefer and always deftroy the 
fotter fubftances the firft, and are particularly fond of pine and 
fir-boards, which they excavate and carry away with wonderful 
difpatch and aftonifhing cunning: for, except.a fhelf has fome- 
thing {tanding upon it, as a book, or any thing elfe which may 
tempt them, they will not perforate the furface, but ‘artfully pre- 
ferve it quite whole, and eat away all the infide, except a few 
fibres, which barely keep the two fides connected together ; ca 

a that 
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that a piece of an inch-board, which appears folid to the eye, 
will not weigh much more than two fheets of pafteboard of equal 
dimenfions, apd thefe animals have been a: little while in pof- 
fefGon of it. In fhort, the termites are fo infidious in their attacks, 
that we cannot be too much on our guard againft them: they 
will fometimes begin and raife their works, efpecially in new 
houfes, through the floor. If you deftroy the work fo begun, 
and make a fire upon the {pot, the next night they will attempt 
to rife through another part; and if they happen to emerge un- 
der a cheft, or trunk, early in the night will pierce the bottom, 
and deftroy or {poil every thing in it before the morning. On 
thefe accounts the inhabitants fet all their chefts and boxes 
upon {tones or bricks, fo as to leave the bottoms of fuch furni- 
ture fome inches above the ground, which not only prevents 
thefe infects finding them out fo readily, but preferves the bot- 
toms from a corrofive damp, which would {trike from the earth 
through, and rot every thing therein: a vaft deal of vermin 
alfo would harbour under, fuch as cockroaches, centipedes, mil- 
lepedes, fcorpions, ants, and various other noifome infeéts. 


Though the view we have given of the various proceedings of 
infects mm forming their habitations, has already run to fome 
length, we cannot with propriety neglect taking {ome further no- 
tice of the wonderful indufiry and art which is manifefted in thefe 
refpecis by the caterpillar; and more particularly fo, as it is by 
it we obtained the foundations of all our prefent knowledge of 
the natural hiftory of infects, 


Some fpecies of caterpillars form a kind of hammock, in which 
they eat and go through their varied changes; while others ere@ 
Og  atent, 
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' afent, under which they live, until they have confumed the fur- 
rounding herbs. ‘They then leave their abodes, and pitch their 
tents ina more fruitful {pot. 


Many affociate together all their lives, others only for a certain 
period. Thofe who live together proceed from the fame moth 
_ who depofited the eggs near each other, or rather laid them in a 
heap, forming as it were a kind of neft. ‘Thefe are generally 
hatched in the fame day, and live together, conttituting a new 
fpecies of republic, in which all are brethren. They often amount 
to near fix hundred in a family, though they are frequently to be 
found with only about two hundred. Of thefe focial caterpillars 
there are fome fpecies which never quit the fociety while they are 
ina larva flate, even placing the chryfalis clofe together. ‘There 
are other kinds who affociate only for a fhort period. 


Among the vaft variety of infe@s which inhabit the oak, there 
is a fpecies of caterpillar which live feparate till they arrive at,a 
certain age: they then aflemble together, and do not quit each 
other till they attain their perfeét flate, As the number which 
are thus aflembled is confiderable, the neft is alfo very large. 
They remain in-doors during the day, not leaving their habita- 
tion till fun-fet. When they go out, one of the body precedes the 
reft asa chief, whom they regularly follow: when the leader’ 
{tops, the reft do the fame, and wait till it goes on again, before 
they recommence their march. The firft file generally confifts of 
a fingle caterpillar, which are fucceeded by a double file, thefe: 
by three in a row, which are then followed by files of five, and fo 
on. ‘They keep exceeding clofe to each other, not leaving any 
interval either between the ranks, or thofe in each rank: all of — 

them 
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them following their captain in every direction, whether frait 
or crooked After they have taken their repall, which is done 
on, the march, they return to their neft in the fame order ia 
which they fet out. 


"This mode 2 followed till they are full grown, when each 
forms a cone, in which it is changed into a chryfalis. Mr. Bon- 


met has fhewn, that though thele caterpillats proceed often very 


far from their neft, it is by no means difficult for them to get back 
again, becaufe they fpin over all the places in their rout. The 
firft leads the way, the fecond follows fpinning, the third {pins 
after the firft and fecond; and fo on with tines reft, All thele 
threads form by degrees a fall fhining track, a little path; and 
all thefe paths meet at the neft. To be fully convinced of the 
ufe of thefe threads, let any one but break the,continuation, of 
them in fome place or other, and he fhall fee the little caterpil- 
lars turn back, as if they were at a lofs, till one more daring than 
the reft reftores the communication:sby {pinning new threads. 


The reader who is defirous of a fuller information concerning 
the habits of thefe, as well as many. other infects, muft-be referred 
to the laborious and interefting memoirs of M. de Reaumur. 


_-Happy if he fhould, like -M..de Geer, be.induced thereby to 


follow the fteps of fo great a matter; he will derive from thence 


a continual fource of new pleafures and increafing delights ; and 
the more he extends the boundaries of his; Bberinas iam more 


he will be convinced that «NFINITY, is, as 1 were, ae cuegs fed 


on all the works of the Creator. 
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Different fpecies of caterpillars are often to be found “in great 
numbers on the fame tree or plant; but then as they feem to 
have no conneétion with each other, and the a@tions of the one 
have no influence on the other, they may be confidered as 
folitary ; but there are others who feem ftill more independent of 
each other, and greater friends to folitude, confiruéting a lodg- 
ing, formed of leaves. tied together with confiderable ingenuity, 
in which they live asin a hermitage. The operation by which 
thefe tie the leaves together, is far furpafled by another kind, 
who fold and bend one part of the leaf till it meets the other. 
Thele are again exceeded by-thofe who roll the leaves which they 
inhabit. For this purpofe, the caterpillar chufes a part of a leaf 
which it finds in fome degree bent: here it eftablithes it’s abode, 
and begins it's work, moving the head with great velocity, in 
a curved line, or rather vibrating it like a pendulum, the mid- 
dle of the body being the center on which it moves. At each 
motion of the head a thread is {pun, and fixed to that part to 
which the head feems to be applied. The threads are extended 
from the bent to the flat part of the leaf, being always adjufted, 
both in length and ftrength, to the nature of the leaf, and the 
curvature which is to be given to it. 


M. de Geer attending to the operations of a fpecies of this 
kind of caterpillar, obferved, that at each new thread it fpun, the 
edges of the leaf infenfibly approached to each other, and were 
bent more and more, in proportion as the caterpillar fpun new 
threads ; when the laft thread that was {pun was tight, that which 
preceded it was loofe and floating in the air. To effe€t this, the 
caterpillar, after it has fixed a thread to the two edges of the leaf, 
(and before it fpins another) draws it towards itfelf by the hooks 
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of it’s feet, and by this means bends the leaf; it then {pins another 
thread,’ to maintain the leaf in this pofition, which it again pulls 
towards itfelf, and repeats the operation, till it has bent the leaf 
in it’s whole direétion. ‘It now begms again, placing the threads 
further back upon the bent part of the leaf, and by proceeding in 
this manner, it is rolled up; when it has finifhed this bufinefs, it 
{trengthens the work, by faftening the ends of the leaf together. 
The habitation thus formed is a kind of hollow cylinder, open to 
the light at both ends, the fides of it affording the infect food and 
protection, for within it the creature feeds in fafety. Inthe fame 
cafe they are alfo transformed : at the approach of the change the 
caterpillar lines the rolled leaf with fill, that the rough parts of it 
may not injure the chryfalis. 


A great number of the fmaller larva require an artificial 
covering, to proteét them from the open air. Among thefe, 
fome inhabit the interior parts of leaves, making their way 
between the fuperior and inferior membranes, living upon the 
parenchymous parts of the leat: and as they are exceeding {mall, 
a leaf affords them a fpacious habitation. Ifthe diftance between 
the membranes is not large enough for them, they enlarge the 
{pace by forming different folds in one of them, in which they 
can move with eafe: from thefe circumftances they have been 
named by Mr. Feaumur miners of leaves. This iu‘trious author 
has defcribed. thefe larva, the flies into which they are-changed, 
and all the various methods made ufe of by them in performing 
this work. Some mine a large eval or circular {pace ; others: 
form a kind of gallery, which are fometimes flrait, fome: mes. 
crooked. They only leave a thin membrane on the upper fide 
of the leaf; but they leave the under fide more fubftantial. One 

fpecies. 
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fpecies of moth which proceeds from thefe larva is very {mall, 
but exceedingly beautiful. 


The larva of the phryganea moftly live in little cafes of their 
own building, which are formed of a variety of materials, that 
they train after them in the water wherever they go. Thele cafes 
are generally cylindrical, and open at both ends; the infide is 
lined with filk fpun by the larva, the outfide formed of different 
fubftances, as bits of reed, ftone, gravel, and fome entirely of 
{mall fhells, &c. which they arrange and manage with fingular 
dexterity. They never quit this cafe. When they walk they put 
out the head, anda few of the firft rings.of the body, training the 
cafe after them. | 


Having lived m the ‘water for fome time, they become inhabi- 
tants of the air. They affume the pupa form in the water, clofing 
up the two ends of. the cale with bars.of filk, by which it is 
-fecured from the attacks of it’s enemies; and at the fame time 
there is a free paflage for the water, which 1s fill neceflary for it’s 
exiftence ; ata proper period the pupa forces it’s way through the 
cafe, and makes for the Jand, where it’s further change inflantly 
commences, and is foon completed. | 


We hall clofe thefe fpecimens of the induftry of infeéts with an 
account of that which is difplayed by the larva of the tinea. The 
ereatelt ‘part of the body of thefe little creatures, except the head 
and fix fore feet, is covered over with a thin tender {kin; the 
body of the infeét 1s cylindrical, and lodged ina tube which is 
open at both ends. Soon after they are born they begin to cover 


themfelves, and are, therefore, feldom to be found but in thefe 
- tubes 


Microscopican Essays, 319 


tubes or cafes. They are, in general, fo {mall, that it is not eafy 
to diftinguifh the cafes mene a magnifier; but as the body 
lengthens, the cafe becomes too {hort ; it is, therefore, part of it’s 
daily employ to lengthen the cafe. For this purpofe, it extends 
the head beyond a tube, and having found the materials which 
anfwer it’s purpole, it tears it off, and brings it to the end of the 
tube, and fixes it there, repeating this manceuvre till it has fufh- 
ciently lengthened it ;- after it has finifhed one end, it turns itfelf 
round within. the cale, and. performs the fame operation at the 
‘other. 


This does not terminate their labours, for the tube muft alfo be: 
increafed in diameter, as it foon becomes too {mall for the body ; 
the means they make ule of to’enlarge it, is precifely the fame as 
we ourfelves fhould adopt under fimilar circumftances. ‘The in- 
fe€t flits the tube at the two oppofite fides, at the fame end, and: 
inferts in the {lit two pieces of the required fize; it then performs 
the fame at the other end. By this means they foon enlarge it 
fufficiently, without expofing themfelves to the air during the 
operation. The outfide of thefe cafes is made of filk, hair, &c. 
The infide is of flk only. Their covering always partakes of the: 
colour of the cloth, or tree, &c. from whence it was taken. If 
it pafles over a red piece, the colour will be red. When’ they 
are come to their perfe&t growth, they abandon the cloth, and 
feck for a proper place wherein they may pals from their prefent 
to a more perfect fate. — 


I cannot conclude this long chapter better than in the words: of 
Mr. Stillingfleet. ‘Many are apt to treat with contempt any 


man icin they fee employed in poring over a mols, or examin- 
6 ; ing 
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ing an infect, from day to day, thinking that he {pends his time 
and his life in unimportant and barren f{peculations ; yet were the 
whole fcene of nature laid open to our views, were we admitted 
to behold the connettions and dependencies of every thing on 
every other, and to trace the ccconomy of nature through the 
fmaller as well as greater parts of this globe, we might, perhaps, 
be obliged to own we were miftaken; that the fupreme architec 
had contrived his works in fuch a manner, that-we cannot pro- 
perly be {aid to be unconcerned in any one of them; and there- 
fore, that fludies, which feem upon a {flight view to be quite 
ufelefs, may in the end appear to be of no {mall importance to 
mankind, Nay, were we only to look back into the hiftery of 
arts and {ciences, we muift be convinced that we are apt to judge 
over haftily of things of this nature. We fhould there find many 
proofs that he who gave this inftinétive curiofity to fome of his 
creatures, gave it for good and great purpofes, and that he re- 
wards with ufeful difcoveries all thefe minute refearches. 


“ Tt is true this does not always happen to the fearcher, or his 
contemporaries, nor even fometimes to the immediate fucceeding 
generation; but Iam apt to think, that advantages of one kind 
or other always accrue to mankind from fuch purfuits ; fome men 
are born to oblerve and record what perhaps by itfelf is perfe€tly 
ufelefs, but yet of great importance to another who follows and 
goes a {tep farther, {till as ufelefs; to him another fucceeds, and 
thus by degrees, till at laft one of a fuperior genius comes, who 
laying all that has been done before this time together, brings on 
anew face of things, improves, adorns, exalts human fociety. 


« All 


— 
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*« All thofe fpeculations concerning lines and numbers, fo 
ardently purfued, and fo exquifitely conducted by the Grecianss 
what did they aim at? or what did they produce for ages? a 
little arithmetic, and the firft elements of geometry, were all they 
had need of. ‘This Plato aflerts; and though, as being himfelf an 
able mathematician, and remarkably fond of thefe fciences, he 
recommends the ftudy of them; yet he makes ufe of motives 
that have no relation to the common purpofes of life. 


* When Kepler, from a blind and ftrong impulfe, merely to 
find analogies in nature, difcovered that famous one between 
the diftance of the feveral planets from the fun, and the periods 
in which they complete their revolutions, of what Ep Homanse 
was it to him or the world ? 


« Again; when Galileo, pufhed on by the fame irrefiftible 
curiofity, found out the law by which bodies fall to the earth, 
did he, or could he, forefee that any good would come from his 
ingenious theorems? or was any immediate ufe made of them ? 


«Yet had not the Greeks pufhed their abftraét {peculations fo 
far, had not Kepler and Galileo made the above-mentioned dil- 
coveries, we never could have feen the greateft work that ever 
came from the hands of man, Sir Ifaac Newton’s Principia. 


«« Some obf{cure perfon, whofe name is not fo much as known, 
diverting himfelf idly, as a ftander-by would have thought, with 
trying experiments on a feemingly contemptible piece of {tone, 
found out a guide for mariners on the ocean, and fuch a guide as 
no Icience, however fubtil and fublime it’s fpeculations may be, 

| Rr | however 
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however wonderful it’s conclufions,. would ever have arrived at. _ 
‘It was mere curiofity that put Sir Thomas Millington upon ex- 
- amining the minute parts of flowers; but his difcoveries have: — 
produced the moft perfeét and moft ufeful fyftem of botany that 
the world has yet feen. 


* Other inftances might be produeed to prove, that bare curiofity 
in one age is the fource of the greateft utility in another; and 
what has frequently been faid of chymrfts, may be applied to 
every other kind of vertuofi. They hunt, perhaps, alter 
chimeras and impoflibilities ; they find fomething really valuable 
by the bye. We are but inftruments under the Supreme Direétor,. 
and do not fo much as know, in many cafes, what is of moft 
importance for us to fearch after ; but we may be fure of one - 
thing, viz. that if we fludy and follow nature, whatever paths we 
are led into; we fhall at laft arrive at fomething valuable to our- 
felves and others, but. of what kind. we- mult be content. to 
remain ignorant,” | 
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GIVING somE ACCOUNT oF THE ANATOMICAL STRUCTURE 
OF THE Cossus, OR CATERPILLAR, WHICH IS FOUND IN 

\ 
THE TRUNK or THE WILLOW; AND SEVERAL OTHER 


MISCELLANEOUS OBJECTS. 


C) F all the modifications of which matter is fufceptible, the 
XJ moft noble is undoubtedly the organization thereof. In 
she firu€ture of animals, the Sovereign Wildom is exhibited to 
us in the moft firiking manner. The body of an animal is a little 
particular fyftem, more or lefs complicated, and which, like the 
fyftem of the univerle at large, is the refult of the combination 
and connection of a multitude of different pieces, which all con- 
{pire to produce one general effect, the manifeftation of the prin- 


ciple which we term life. So wonderful are thefe combinations, 


that we are incapable of comprehending, or even of admiring 
fufficiently, the aftonifhing apparatus of fprings, levers, counter- 
weights, of tubes of different diameters, &c. which conttitute thefe 
organical machines. ‘The interior parts of the infect, the moft 
vile in appearance, would abforb all the powers ot the moft able 
anatomift, He would be loft in the labyrinth as foon as he at- 
tempted to explore all it’s windings. A truth that will be evident 

pee r2 to 
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to every one who confiders only the {mall portion of the anatomy 
of the caterpillar here exhibited, which is extra¢ted from the won-- 
derful work of Mr. Lyonet, entitled “ Traité Anatomique de la: 
Chenille qui ronge le Bois de Saule,” to which: the reader muft be: 
referred for a more ample account of the ftru€ture of this animal ;. 
enough will be given here to convince every one of the power 
and ufe of mierofcopic glafles in the difplay of the wonders of 
creation; enough will be mtroduced to prove to the reader that 
it is not matters of magnitude which only engage the attention or 
art of the Almighty, “he delights to be elaborate on the minute- 
neffes and minims of nature; to open his immenfity, as it were, 
within a fpeck; to lavifh his {kill and ornaments om infeéts and 
butterflies ; and to inform ants and bees with better fagacity and 
{cience than the moft laboured fyftems of human policy can 
exhibit. For the littlenefles of our God are great beyond: con- 
ception, and while the univerfe-cannot contain him, his wifdom 
and might, his goodnefs and glory, and the fulnefs of his infinity, 
are entire, and difplayed through every point of infinite fpace.”* 


Our theme no great (of one exclufive) knows; 

No little when from oneE, that onez-it flows. 

% % * % % e- & a 

Where one, and only one, is truly creat! 

All equidiftant, or alike all near; 

The reptile minim, or the rolling {phere ;: 

Alike minutely great, or greatly lefs,. 

In form finite, INFINITUDE exprels; 

Exprefs the feal of CHARACTER DIVINE,. 

And bright, thro’ Is INFORMING RADIANCE SHINE. __ 
We 


* Brooke’s Juliet Grenville, vol. 1, p. 198. 
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We fhall firft give a general defcription of the animal itfelf, and 
then proceed to explain thele anatomical parts of it which are 
veprefented at Fig. 1, 2, 3, 4, 5, 6, 7, of Plate XII. This 
infeét, like every other caterpillar, proceeds from an egg, which 
the parent moth. takes care to depofit in general againft the trunk 
of the willow ; to-this it 1s attached by a vifcous humor, which 
feon becomes fo hard that the rain cannot diffolve it. 


The egg is very mall, of an. oblong: {pheroidal fhape; when 
examined by the microfeope, we find broad waving furrows run- 
ning through the whole length of it, which. are again crofled. by 
clofe ftreaks, giving it the appearance of a.wicker bafket. It is 
probable that they are hatched fome time in-Augult, becaufe the 
fmall caterpillars are often to be found in September. When 
{mall, they are generally to be met with under the bark of the 
tree to which the eggs were fixed; a humid oozing from the hole. 
they have made to get under the bark, is often a direGtion where. 
to fearch for them ; though it is not.always.a certain ficn, becaufe 
the fame effect is often. occafioned by other infeéts.. 


Thele caterpillars change: very little in their colour, being 
nearly the fame when they are full grown as when they are very: - 
young. Like many others they are capable of fpinning.as foon 
as they are born. ‘They change alfo feveral times their {kin,. 
but as it is almoft impoffible to-raife them under a. glafs, it is 
not ealy to determine: how many times. they. moult or put off 
their fkin; if we are to judge of the number of times by the dif-- 
ference in fize between the new born and full grown caterpillar ;. 
and if we compare thefe with the increafe ef the head, every. 
time it moults; we may reafonably conclude, that it changes. 

oftener 
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oftener than the generality of caterpillars, that is, more than 
four, five, or fix times, for fome have been obferved to moult 
above nine times. ; 


We have already taken notice of thefe changes in the laf 
chapter. The caterpillar generally fafts for fome days previous 
to the moulting, the flefhy and other interior parts of the head 
are then detached from the old fkull, and retire as it were within 
the neck ; it is foon however cloathed with pieces fimilar to thofe 
it has abandoned, only larger and at firft very foft. When the 
new {kin and the other parts are formed, the old {kin is to be 
opened, and all the members withdrawn from it, an operation 
naturally difficult, but which muft be rendered more fo from the 
{oft and weak fate of the little creature at that time. The cater- 
pillar is always much larger after the change. 


It appears from the experiments of M. Lyonet, that this cater- 
pillar generally paffes two winters at leaft, if not three, before i 
affumes the pupa ftate, but then it neither-a¢ts nor eats in the 
winter, forming at the approach of this feafon a little cafe or 
habitation, the infide of which is lined with filk, and the outfide 
covered with fmall pieces of wood like fine faw-duft: inclofed in 
this it waits the return of fpring. They are fometimes three 
inches and an half long when full grown, the fmalleft about two 
inches. ‘The fize which they attain is very great, if compared 
with that of the new born caterpillar, which does not exceed one 
twelfth of an inch, an increafe in growth much fuperior to that 
of the larger animals. 
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Tt generally prepares for the pupa ftate in the month of May; 
it’s firft care being to find a hole in the tree fufficient to give iffue 
. to the moth: and: if it finds none proper for the purpofe, it 
makes one equal in fize to the future pupa. The hole being 
made or found, it begins to conftrucét a cafe or cone, which it 
forms of thin pieces of wood, uniting them together, by filk, 
into an ellipfoidfhape ; the outfide is formed of little fticks united 
together in all directions; the caterpillar takes care that the 
pointed end of the cafe may be always oppofite to the mouth 
of the hole: having finifhed the outfide of the cafe, it lines the 
infide with a filken tapeftry, of a clofe texture in al! parts, except 
the pointed end, and where the tiffue 1s loofer, in order to facilitate 
it’s efcape at a proper feafon. The work being finilhed, the cater- 
pillar places itfelf in the cafe in fuch a manner, that it’s head 
may always lay towards the opening of the hole in the tree or 
pointed end of it’s cafe. 


In this flate it remains-at reft for fome time;. the colour of thé 
{kin firft becomes pale, afterwards the whole {kin appears brown: 
The interior parts of the head are detached from the fkull, the 
legs retire or withdraw themfelves from their exterior cale,. 
the body fhortens, the pofterior part grows {mall, while the ante- 
rior part {wells fo-much; as at laft to burft the fkin, which, by a: 
variety of motions, it-pufhes down to the tail, and thus exhibits 
the pupa, in which the parts of the future moth may be eafily: 
traced. | Las 


The covering of the pupa is at firft foft, humid; and white, 
but it foon dries and hardens, and is then of a marron colour; 
the fore-part, in which the lineaments of the head, the legs, and 
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the wings of the moth may be difcovered, is quite immoveable, 
but the pofterior part is moveable. The anterior end of tis 
pupa is furnifhed with two horns, one.abeve the other, under the | 
eyes ; there are alfo on it’s back feveral rows of points one under 
the other, the points directed towards the tail. ‘The pupa re- 
mains in it’s cafe for fome weeks; as foon as the moth that is 
formed therein finds itfelf enabled to break the bonds by which it 
is confined, it begins to agitate itfelf within the cafe; the points 
are then rendered of effential fervice, thofe on the back ferve as a 
fulcrum, to prevent it’s flipping backwards, while it is opening the 
hole of the cone with thofe.on the head. 

The new-formed moth labours in general about a quarter of 
an hour before it can effectually open the cafe. This being done, 
by redoubled efforts it enlarges the hole, and prefies itfelf for- 
wards, till it arrives at the edge, where it makes a fudden {top ; 
for if it advanced further it would fall to the ground, and proba- 
bly lofe it’s life, or be materially injured by the fall. Here then 
the pupa repofes itfelf for a time, after which the moth begins to. 
difengage itfelf from the bonds which confine it; when it has 
efcaped from the pupa, it fixes itfelf againit the trunk of the 
tree, with the head upwards, and often remains in this fituation 
for fome hours, during which time the wings and members are 
perfeétly developed, and rendered fit for ation. I have been in- 
formed by Mr. Marfham, that it generally pufhes at leaft one- 
third of the cafe out of the hole before it halts. | 


DEscRIP- 


a 
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- Description or Prare XII. 


The body of the caterpillar in this plate is divided into twelve 
parts, correfponding to it’s rings. Thefe divifions are marked in 
Fig. 2 and 3, Plate XII. by the numbers 1, 2, 3, up to 12; to 
the firft number the word R1NG is annexed. 


Each of thefe rings is diftinguifhed from that which follows, 
and that which precedes it, by a kind of neck or {mall hollow 
part. By conceiving a line to pafs through thefe necks, and 
forming boundaries to the rings, we acquire twelve more di- 
vifions; thefe are allo marked 1, 2, 3, 4, &c. to 12, but to the 
firft the word pivisION is afhixed. 


To facilitate further the defcription of this animal, M. Lyonet 
found it neceffary to form fome ideal divifions, or rather lines, 
to pafs through it. He therefore fuppofed, firft, a line to pals 
down the middle of the back, and this he called the fuperior 
line, becaufe it marked the moft elevated part of the back of the 


"caterpillar ; the inferior line, one dire€tly oppofite to the former, 


and pafling from the head down the belly to the tail. 


In all caterpillars, on the right and left of each ring, except 
the fecond, third, and laft, there is a little organ, fomething to 
appearance like an elliptic {pot; thefe are termed the {piracula, 
and have been mentioned feveral times in this work; as they are 
fituated nearly at equal diftances from the fuperior and inferior 
lines, they furnilh us with a further fub-divilion, called the lateral 
lines, which pals through the {piracula, the one on the right, the 


other on the left fide of the caterpillar. 
Ss Thefe 
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Thefe four lines, which we may conceive to divide the cater- 
pillar longitudinally into four equal parts, are attended with this 
remarkable circumftance, that each of them mark the place under 
the {kin that is occupied by a confiderable vifcera; the heart, or 
rather the thread of hearts, lies under the fuperior line; the 
fpinal marrow immediately over the inferior line; the two tra- 
cheal arteries follow the courfe of the lateral lines. 


At equal diftances from the fuperior and two lateral lines, and 
the inferior lines, we may fuppofe four mtermediate lines. The 
two between the fuperior and lateral lines are called mtermediate 
fuperior lines; the two others which are oppofite to them, and 
between the lateral and inferior lines, the intermediate inferior 
lines. , 

An EXPLANATION OF FIGURES 1 AND 2, PLATE XII; oR An 

Account or THE MusCLES OF THE CATERPILLAR WHEN 

OPENED BY THE BELLY. 


Of all the interior parts of the caterpillar, none prefent fo 
beautiful a view, or a more wonderful and fymmetrical arrange- 
ment, than that of the mufcles; the more fo, if they are taken 
away by equal ftrata on both fides, fo as to expofe at the fame 
time the fimilar mufcles on the oppofite fide, and by this means 


exhibit to the aftonifhed eye their exat form and correlpond- 
ence. 


Fig. 1 and 2 is a reprefentation of the mufcles of two different 
caterpillars, opened at the belly, and fuppofed to be joined to- 
gether at the fuperior lines; for as the mufcles on the oppofite 

, Gr fide 
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fide of each caterpillar are perfe@ily fimilar, it was not only un- 
neceflary to reprefent them, but by joining another view of the 
mufcles, as in Fig. 2, we are enabled to exhibit thofe mufcles 
which were covered in Fig. 1, and by this means fave much time 
in the defcription, and Kites addition of another plate. 


‘The dorfal mufcles, or thofe of the back, are marked by capital 
letters; the gaftric mufcles, or thofe of the belly, by Roman let- 
ters; the lateral mufcles. by Greek charaGters. Mr. Lyonet has 
only given a name to thole among the latter, which are marked 
Q; thefe are placed upon all the divifions, from the fecond to the 
eleventh ; they are called dividing mufcles, on account of their 
fituation; a mufcle that has been once marked with a letter 
always retains the fame, both in the defcription and the other 
figures, 


PREPARATION, 


The caterpillar was emptied, and the mufcles freed from the 
mafles of fat, the nerves, and other veflels, which, if they had 
been left, would have confufed the view of the mufcles, and ren- 
dered it dificult to diftinguifh and trace them. 


First Ringe 


The muicle A isdouble: The anterior one is thick at top, 
and feems to be divided into different mufcles on the upper fide, 
but it has no fuch appearance on the under fide. One of theirin- 
fertions is towards the head, at the fkin of the neck; the other 
infertion of the firft mufcle A is a little above, and ane of the 

ys2 fecong 
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fecond mufcle A is a little below the firft a ei near which: 
they are fixed to the flin. | 


0b : long and {lender ; it is fixed by it’s anterior extremity un- 
der the gaftric mufcles (a and b) of the firft rmg, to the circum- 
flex feale of the bafe of the lower lip. After having pafled under 
fome of the arteries, it introduces itfelf under the mufcle §, and 
communicates there with the mufcle ¢ of the fecond ring. | 


( is fometimes fingle, fometimes double, and fometimes triple; 
itis hardly poffible to open the caterpillar by the belly without 
breaking it; the anterior fixture is to the pofterior edge of the fide 


of the parietal {cale; the lower fixture is at 4 tle battidle of the 


ring, near the inferior line, 


The mufcles marked @ are three in number; the firft is fixed 
at one extremity. near the lower edge of the upper part of the 
parietal fcale; the other end divides itfelf into three or four taijg, 
which are fixed to the fkin of the caterpillar under the mutcle 5, 


The anterior end of the fecond has it’s infertion near the for- 
mer; that of the third a little under the two foregoing, at the {kin 
of the neck, under the mufcle A. Thefe two laft pafling over 
the cavity of the firft pair of limbs, are fixed by feveral tails to: 
the edge oppofite to this cavity. 


In this fubjeét there are two mufcles marked 0, fometimes there 
is only one; their anterior fixture is to the lower edge of the 
parietal fcale; the other ends are inferted in the firft fold of the 
fkin of the neck, on the sonar fide. 


Band 


. 
a. 
yi 
Ff 
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6 and 8 ate beft feen in Fig. 3, where they are entire, not 
being injured by an unnatural extenfion. 


Or THE SECOND AND FOLLOWING RINGS, To THE LAST. 


Two large dorfal mufcles, A and B, are difcovered in the 
fecond and. four following rings. .There are three, A, B, C, in: 
the 7th, 8th, oth, and 10th rings ; four, A, B, C,-D, are to. be 
feen at the 11th ring; and five, A, B, C, D, E, at the anterior 
part of the 12th ring. 


All thefe files, or ranges of mufcles, A,.B, C, and E, as well 
as the gaftric mufcles, a, b, c, d, appear at firft fight only as a 
fingle mufcle, running nearly the whole length of the caterpillar ; 
but when this is detached from the animal, it is found to confift 
of fo many diftinét mufcles, each mufcle only the length of one 
of the rings ; their’ extremities are fixed to the divifions of each 
ring, excepting the mufcle a, which at the 6th, 7th, 8th, and 
gth rings has it’s infertions rather beyond the divifions. Each 
row of mufcles appears as one, becaufe they are clofely con- 
nected at top by fome of the fibres, which pals from one ring to. 
the other. The mufcles A, B, C, E, from their fituation may 
be called the right mufcles of the back; and for the fame reafon 
the mufcles a, b, c, and d, may be called the mght mufcles of 
the belly. 


From the third ring the mufcles A, which are twelve in num- 


ber, gradually diminifh in breadth to the lower part of the laft 


ring; at the 8th and three following divifions they communicate: 
with the mufcles B, and at the 11th with D. In the lower part 
oF 
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of the laft ring, A is much broader than it was in the preceding 
ring; one extremity of it is contracted, and communicates with 
B; the lower infertion is at the membrane I, which is the exterior 
{kin of the foecal bag. | 


It may be proper to obferve, that the mufcles, A and B, of the 
lower part of the laft ring, cannot be feen until a large mufcle is 
removed, which on one fide is fixed to the fubdivifion of this 
ring, on the other to the foecal bag. 


The right mufcles B are alfo twelve in number; they begin at 
the fecond ring, and grow larger from thence to the 7th: from 
the 7th to the fubdivifion of the 12th they are one-half narrower; 
the deficiency in width is fupplied by the fix mufcles C, which 
go with it from the 7th to the fubdivifions of the 12th ring. The 
mufcles B and C have a lateral communication at the 8th, 11th, 
and 12th divifions; C is wanting at the fubdivifion of the 12th 
ring ; it’s place is filled up by B, which becomes broader in that 
part, 


We have now only to {peak of the three floating mufcles V. 
The firft of thefe originates at the firft ring, from whence it intro- 
duces itfelf under N, where it is fixed, ea then fubdivides, and 
paffes under parts which render it invifible in this figure. 


The fecond floating mufcle begins at the fecond divifion, being 
hxed to the anterior extremity B of the fecond ring; from thence 
it direéts itfelf towards the fiomach, and after communicating 
with the cafe of the corpus craflum, it divides and fpreads itfelf 
into eight mufcles, which run along the belly. 

The 
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The third, V, begins at the third divifion, originating partly 
at the fkin, partly at the junction of the mufcles B of the fecond 
and third ring. It directs itfelf obliquely towards the belly, 
meeting it near the third {piraculum; branching from thence, it 
forms the oblique mulcles of this vilcera. 


The thin long mufcle §, which is at the fubdivifion of the laft 
ring, and covers the anterior infertion of the large mufcle (a), 
where the ring terminates, (il eft fans paire) it is fingle; it begins 
at one extremity of the mufcle c, at the fore part of the ring, 
runs along the fubdivifion, round the belly of the caterpillar, 
and finifhes on the other fide, at the extremity of a fimilar mufcle 
C. | | 


EXPLANATION OF Fic. 2, PLATE XII... 
PREPARATION, 

All the dorfal mufcles, thirty-five in number, were .taken out, 
as well as the feven lateral ones which have been defcribed in the 
preceding figure. 

All the ftrait mufcles of the belly were alfo taken away, as well 


as the mufcular roots ¢, and the ends of the gaftric mufcles c, 
which are at the third and fourth divifion, 


At the fecond divifion the middle of the mufcle § was removed, 
_ the extremities only being left to point out where it was inferted. 


The 
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The tracheal artery was alfo removed.” 


EXPLANATION OF THE FIRST Rinc. 


Wefee fully here the mufeles Cx Cand (i) which. were but 


partly feen in the preceding figure, and the gaftric mufcles g, 
which were not feen there. 


The mufcles C # occupy two rings; it is very difficult to de- 
termine their precife number ; ten may be counted at the anterior 
end, which are colle€ted in one fafcicle, andinferted at the fide 


of the upper part. of the parietal. {cale, immediately under the 


mulcles ¢; towards the lower end thefe mufcles {pread like a fan, 
and a greater number may be counted; they communicate 
laterally with each other by reciprocal branches, which makes it 
difficult to determine whether they fhould be confidered as fingle 
mufcles, or as fo many diftin& ones. ‘The lower extremity of all 
but the two laft crofs, at the fuperior line of the fecond ring, the 
tails of fimilar mufcles on the oppofite fide; after which, they 
are inferted at the {kin beyond this line. 


There are five lateral mufcles 2, fometimes fix they have their 
firft ixture at the fide of the head, their lower part widens, and 
is. inferted lengthways in the fecond divifion. 


The mufcles 6 of the firft ring, as well as the fimilar mufcles of 


the nine other rings, are better feen in this than in Fig. 1; as 
they are placed over the divifions, they may be termed dividing 
mulcles. That of the fecond divifion has been feparated to fhew 
the mufcles underneath, It is fingle as well as that of the third 


- divifion 
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divifion; that of the fourth is ‘double; they appear more nu- 
merous in the fucceeding divifions, though they are, in general, 
only double, feldom triple, but much thicker; thofe of the third 
and fourth divifion pafs over the tracheal artery, whilft all the 
others go under it: we find them at all the divifions but the firft 
and laft. Ne 


SECOND Rina. 


The dorfal mufcles are fufficiently feen in this ring, to enable 
the obferver to form fome idea concerning them. 


Cis the only one which is fairly expofed; it has it’s pofterior 
infertion at the third divifion, near the intermediate fuperior line, 
from whence advancing obliquely it becomes forked, one branch 
palles under the dividing mufcle, and is fixed to the fkin, from 
whence it again proceeds, and forms the fine long mufcle a 
of the firft rmg. ‘The other branch is fixed to the fkin, near the 
lateral line, under the mufcle y of the fecond ring. 


When the mufcle C and fome of the mufeles C # are removed, 
we fee the whole of D; the dire&tion of this mufcle is en- 


a 


tirely contrary to that of C. 


- After taking away D, we difcover the mulcle E, which is in- 
clined towards the fame fide as C, but not fo obliquely. By 
taking away E. we are enabled to fee the. mufcle F, which 18 
parallel to D: thefe three laft mufcles are fixed to the divifions 
which terminate the rings ; the lateral mufcles are not feen fo as 


to be defcribed. 
Tt : THE 
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THe THIRD RING 


Prefents four dorfal mufcles, C, D, E, F. The fir dorfaF¥ 
mufcle, C, isinferted at the third divifionunder the mufeles 9 and a, 
where it communicates, by means of fome fibres, with the mufcle 
f of the fecond ring; from thence it proceeds obliquely towards. 
the intermediate fuperior line, and is fixed at the fourth divifion. 


As foon as C is retrenched, the mufcle D is feen; this. grows: 
wider ffom the anterior extremity; it lies in a contrary direction 
to the mufele C, and. is inferted into the third and. fourth: 
divifions. ~ 


The mufcle E lies in the fame direction as the mufcle C, but 
not fo obliquely ; the lower infertion is at the fourth divifion, the 
other is at the third, immediately under C.. 


The mufcle F is nearly parallel to D, which joins to it; the 


firft infertion.is vifible, the other is at the fourth divifion, under: 
the mulcles E and G. | 


There ate no lateral’ mufcles to be defcribed in this ring, 
THE EIGHT FOLLOWING RIncs. 


There are only two dorfal mufcles, and no lateral ones, to be 
defcribed in thefe rings, 


\ 
Or 


ia te ee ee 
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Of thefe two mufcles, D is the only one that is altogether feen ; 
it is very large, and diminifhes gradually in breadth, from ring 
to ring, to the laft, branching off in fome places. 


E is one of the firait mufcles of the back, and is inferted at the 
divifions of: it’s own: ring, under the dividing mulcles 0, 


ANTERIOR PART OF THE TWELFTH RING. 


There are three dorfal mufcles, D, E, F, to be confidered in 
this part. 


‘The aaitele D is fimilar to D of the preceding ring, only that 
it terminates at the fubdivifion of it’s ring, and is confequently 
only half as long. © 


E is of the fame length, and differs from the mufcle E of the 
preceding ring only in it’s direction. 


The mufcle F is parallel to E, and fhorter; it’s anterior end 
does not reach the twelfth divifion. | 


PosTERior Part. 
‘There is only one dorfal mufcle here, which is faftened by 
fome fhort mufcles to the fubdivifions of the laf ring, traverfing 
the mufcles #, and being fixed there, as if defigned to ftrengthen 


them, and to vary their dire@ion. 


ite ; a is 
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isa fingle mufcle; it’s anterior infertion 1s vifible, the other 
end is fixed to the bottom of the foot of the laft leg; it is ufed to: 
move the foot. . 


The anterior part of the mufcie f is divided into three or four: 


heads, which crofs the fuperior line obliquely, and are fixed to the 
fkin a little above it.. The other end is faftened to the mem- 
brane T.. 


An ExpLANATION oF Figures 9 AND 4, OF Pirate XI. 
orn AN AccouNT OF THE MusCLES or THIS CATERPILLAR: 
WHEN IT IS OPENED AT THE BACK, 


PREPARATION FOR Fic. 92. 


The mufcles were not only difengaged’ from all extraneous 
matter, as before, but as it reprefents the third figure of Mr. 
Lyonet, on the mufcles of the caterpillar’s back a great many had 
been removed before the parts of the infect appeared, as deline- 
ated in this figure. | 


Frest) Raenies 


Only two gaftric mufcles, c d, are feen here; c is broad, and: 
has three or four little tails; the firft fixture is at the bafe of the: 
lower lip, from whence it defcends obliquely, and is fixed be- 
tween the inferior and lateral line, 


The 
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Thelittle mufcle dis faftened on one fide to the firlt {piraculum, 
and onthe other fide, a little lower to the intermediate inferior 
and the lateral line; it feems to be the antagonift of P, which 
opens the {piracula. 


The lateral muféles 6 9 are very well feen in this figure; the 
pofterior: fixture of 0 is under the mufcle C, near the fkin of the © 
neck ;. 6 is fixed a little on the other fide of C, at the middle of 
the ring. 


SECOND Rine. 
Three gaftric mulcles, g, h, 1, appear here; g and h are fixed 
at the folds which terminate the ring; ihas only it’s anterior. 


fixture there. 


h is triple; in one of the divifions itis feparated into two 
parts. \ 


i approaches more:the-inferioz line, and is fixed a little beyond 


the middle of the ring, where the fimilar mufcle on the oppolite 
fide is forked. to receive it, 


Turrp Rine. 
h, which was triple. in, the seat dina: ring, is double here; 
that part which is neareft the inferior line is the broadelt it. has. 


three tails, of which onl y.two are vilible. 


The 
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The mufcle i is exaélly fimilar to that of the preceding ring, 
and is crofled in the fame manner-by the mulcle from the oppofite 
fide of the ring. 


THE EIGHT FOLLOWING RINGs. 


The mufcle f, in all thefe rmgs, is very broad and ftrong; 
the anterior fixture is at the mtermediate inferior line, on the fold 
of the firft divifion of the ring; the other fixture is beyond the 
lower divifion, with this difference, that at the 1oth and 1ith 
rings the fixture is at the laft fold of it’s ring; whereas in the 
others it pafles over, and 3 is inferted in the {kin of the following 
ring. 


In all thefe rings the firft extremity of g is faftened to the fold 
which feparates the ring from the preceding one, and 1 is paras! 
to f, and placed at the: fide of it. 


The fix firft, g, are forked ; that of the fourth ring is very 
much fo; it does not unite till it 1s near it’s anterior imfertion. 
The longeft tail lays hold of the following, and is imferted near 
the inferior line ; the other inferts itfelf near the fame line, at 
about the middle of it’s own ring. 


_ The two laft, g, do not branch out, but terminate at the di- 
vifions without: se pe the NOTE ring. 


The mufcle h is placed at the fide of £ has sYelay the plate 
dire€tion, and finifhes at the folds of the ring. 


ANTE- 
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ANTERIOR PART OF THE TWELFTH RINc. 


The only gaftric mufcle left here is e; it is placed on the inter- 
mediate inferior Ime; im it’s dire€tion it feparates from it’s lateral, 
and is inferted at the folds of the upper divifion, and at the {nb- 
divifion of this ring. 


Lower PART OF THE TWELFTH Rinc. 
e is a large mufcle, with feveral divifions ; one placed under 
(b) of the preceding figure, one extremity is fixed near the lateral 


line, at the {ubdivifion of it's ring, the other to. the foecal bag, a 
little lower than the mutcle b. | 


EXPLANATION OF Fic. 4, PLATE XII.. 
All the: gaftric mufcles deferibed in the preceding figure dif- 


appear inthis, as well as all thofe lateral and dorfal ones whole: 
letters are not found in this figure. 


Frrst Rine 
e f g are the gaftric mufcles,. which are belt feen here. 
eis narrow and long; it pafles under and croffes f, one of it’s 


infertions is at the lower line, the other is at ae lateral, between: 
the {piraculum and the neck. 


fis 
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f is fhort, broad, and nearly ftrait, placed along the interme- 
diate line, but between it and the lateral ; it paffes under e, and is 
fixed to the fold of the {kin which goes from one leg to ie Other ; 

the lower infertion is near the fecond divifio n. | 


There are fometimes three mulfcles g, and fometimes four; their 
lower fixture is about the middle of the ring; the anterior infer- 
tion is at the fold of the fkin, near the'neck. | 


The mufcles i and hare allo fixed-to the. fame fold; the other 
end of h is fixed under the mufcle [], near the {piraculum. 


Above the upper end of f, a mufcular packet g, formed by the 
feparation of two floating mu{cles, may be feen; though only im- 
perfectly, as they were injured by the difle€tion, 


SECOND RING, 


Six paftric mufeles, ie, Hy Poy WH. Os DP, may be pretty well 
diftinguifhed in this vite) 7 1) a . p23. 


k is a large oblique mufcle, with three or four divifions, placed 
at the anterior part of it’s ring ; the head of it 1s fixed between the 
inferior line and it’s intermediate one, at the’ fold of “the fecond 
divifion, from whence it crofles the inferior line, and it’s fimilar 
mufcle; it terminates to the right and left of this line. 


lis anarrow mulcle, whofe head’ is fixed to the fold of ‘the 
fecond divifion, the tail of it lies under n, and 1s faftened to the 


edge of the {kin that forms the cavity for the leg. 
6 m, two 
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m, two mufcles of the fame obliquity, placed one on the other; 
the head of it is inferted in the fkin, under the mufcle B, and 
communicates, by a bed of fibres, with the tail of the mufcle y; 
the other end is fixed to the intermediate inferior line, at the fold 
of the third divifion. | 


n is large and broad; it covers the lower edge of the cavity of 
the limb, and the extremity of the tail of 1; the firft fixture is at 
the {kin, near the intermediate line, from whence it goes in a 
perpendicular direttion towards m, and introduces itfelf under 
o and m, where it is fixed. — | 


o is narrow and bent, and covers a little the edge of the cavity 
of the leg; one end terminating there, the other end finifhes at 
the third divifion near m, 

p is alfo bent; it runs near the anterior edge of the cavity of 
the leg; one end meets the head of 0, the other end terminates 
at a raifed fold, near the inferior line. 

On the fide of the lateral mufcle o there is a triangular mufcle, 
_ fimilar to q of the following ring ;' itis entirely concealed in this 

by the mufcle m. 
Tiron Rivne, 


This ring has no mufcle, fimilar to m of the preceding ring. 


Uu | k only 
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k only differs from the mufcle of the fecond ring, in that it 1S. 
erofled by the oppofite mufcle, whereas k crofles. the oppofite 
mutcle. ’ : | 


As the mufcles 1, n, 0, p, of this ring are fimilar to thofe of 
the preceding one, they need not be defcribed. Rae: 


q is a triangular mufcle ; the bafe of it is faftened to the lait 
fold of it’s ring, on the lower fide it is fixed to the mufcle 0, the 
fummit to the {kin at the edge of the cavity for the leg. 


THE EIGHT FOLLOWING RINGS». 
We difcover here the gaftric mufcles, i, k, 1, mn. 


The mufcle i is quite ftrait, and is placed at a little diftance- 
from the inferior line; it is broad at the fourth ring, but diminifhes 
gradually in breadth to the eleventh. It is united at the fourth, 
but is divided into two heads, which divaricate in the: following 
rings. In the fix next rings thefe heads are fixed nearly at the 
fame place with a and f; inthe other two it terminates at the 
fold of the ring. The anterior infertion of the firft and laft is at 
the fold, where the ring begins; that of the fix others. is fome- 
what lower, under the place where the mufcle i, which precedes. 
them, finifhes. . 


~ kis an oblique mufcle, whofe lower infertion is at the {kin near 
1: the other at the intermediate inferior, upon the fold which 


3 


{eparates the following ring; it is miffing in the eleventh ming. 


lis. 
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lisa large mulcle which co-operates with M; in opening and 
fhutting the fpiraculum, one of it’s fixtures is near the intermediate 
inferior line, at about the fame height as i; the tail finifhes a little 
lower than the {piraculum. 


Tweurtu Rina. 


There remains here only the gaftric mufcle d, which is a fafci- 
cle of fix, feven, or eight mufcles ; the firft fixture of thefe is at 
the fubdivifion of the ring, near the inferior line; one or two 
crofs this, and at the fame time the fimilar mufcles of the oppo- 
fite fide. Their fixture is at the bottom of the foot; their func- 
tion is to concur with the mufcle %, in bringing back the foot, 
and loofen the claw from what it lays hold of. 


We perceive here the mufcle &; one of it’s infertions is at the 
bottom of the foot, near d; the other extremity near the fub- 
divifton of the ring. | | 


EXPLANATION oF Fic. 5 any 6, Prare XII. 


‘The anatomical delineation of the head, which is given at Fig. 
4 and 6, fhould be confidered as confilting of two figures, which 
join in the middle, being terminated by the inferior and fuperior 
dines. It will be impoffible in this place to give more than a very 
loofe idea of the head of the caterpillar in thefe two figures, as M. 
Lyonet found it neceflary to employ twenty, in order to difplay 
properly the organization of this part. hele will, however, be 
futficient to give fome idea of it to thefe who cannot procure or 
wead the work itfelf; it may alfo ferve to {timulate thofe who 


Uue have 
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have leifure to extend further the-anatomy of infects; for it is 


only by a com parifon of their's with that of man, that we can ever 


afcertain their true place in the {eale of creation. If this com- 
parifon could be accurately difcovered, the true philofopher 
would be able to trace their final caufe, or rather the originating 
fource of their exiftence, and point out the degree in which they 
accorded with thofe laws of goodnefs and truth, by which the 
univerfe and all it’s parts are regulated and governed. : 


The head, as reprefented in. thefe figures, is magnified about 
three hundred and forty-three times; it is feparated from the 
neck, and difengaged from the fat. The figures here under con- 
fideration reprelent the head in the third and fourth ftate of ex- 
amination, when a great many parts had been removed, in order 
to difcover thofe that are here feen. 


HH, the two palpi. The truncated mufcles D belong to the 
lower lip, and form a part of it’s moving mufcles. K_ is the two 
ganglions of the neck united. II, the two filk veffels. L, the 
ocfophagus. M, the two diffolving veflels. 


‘f.2-7 are the continuation of four cephalic arteries. Fig.. 5, 
SS, TT, VV; and Z, are the ten abductor mufcles of the jaw. 
Fig. 6, under € e and ff, are feen four occipital mufcles. ak, a 
nerve of the firft pair belonging to the ganglion of the neck ; b, 
a branch of this nerve, 


“Fig, 


, x 
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Fig. 7, .Puare ALL 


Is an outline of the head, magnified confiderably more than in 
the laft figures, exhibiting the nerves as feen from the under part. 


Excepting intwo or three nerves (andthefe may be eafily known, 
becaufe each nerve of the fame pair is marked with a fimuar 
letter), only one nerve of each pair is drawn, as a greater number 


would have occafioned much confufion. 


The nerves of the firft ganglion of the neck are defigned by 
capital letters. 


The nerves of the ganglion a of the head are diftinguifhed by 
Roman letters. 


The nerves of the fmall ganglion by Greek chara€ters. 


Thofe of the frontal ganglion, except one, by numbers. 


A’ GENERAL IDEA OF THE INTERIOR PARTS OF THE 
CATERPILLAR. 


Having defcribed fo many of the parts as to evince the ama- 


“zing wonders that are difplayed in this infect, I proceed to give a 


more particular account of the nature of fome of thole parts. 
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Or THE DIFFERENT OrpEers or MuscLeEs, BY WHICH THE 
CATERPILLAR IS ENABLED TO MOVE ALL THE VARIOUS. 
PARTS oF THE BopyY. 


Thefe mufcles have neither the exterior form, nor the colour of 
thofe of larger animals. In their natural ftate they are foft, and 
have the appearance of a jelly; they are of a greyifh blue, and the 
filver-coloured appearance of the aerial -or pulmonary veflels, 
which creep over and penetrate their fubftance, exhibits under. 
the microfcope a molt beautiful fpe€tacle. When the caterpillar 
has been foaked for fome time in fpirit of wine, they lofe their 
elafticity and tranfparency, and become firm, opake, and white; _ 
the aerial veflels difappear. At firlt fight they might be taken for 
tendons, as they are of the fame-colour, and poffefs almoft the 
famé luftre. They are generally flat, and of an-equal fize 
throughout; the middle feldom differs either in colour, fub- 
fiance, or fize, from the extremities. 


The ends are fixed to the fkin; the reft of the mufcle is gene- 
rally free and floating ; feveral of them branch out confiderably ; 
the branches extend fometimes fo far, that it is not always eafy 
to difcover whether they are diftinét and feparate mufcles, or 
parts of another. They are of a moderate ftrength; thofe that 
have been foaked in fpirit of wine, when examined by the 
microfcope, willbe found to be covered with a membrane, which 
may ‘be feparaied from them; they then appear to confift of 
feveral parallel bands, direéted according to the length of the 
mulcle. Thefe, when divided by the affiftance of very fine 
needles, appear’to be compofed of flill fmaller fafcicles of fibres, 
an the fame dire@ion, which, when examined with a very deep 

magnifier, 
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magnifier, and in a favourable light, appear twifted like a: {mall 
cord. The mufcular fibres of the {pider, which are much larger 
than thofe of the caterpillar, are found on examination to confilt 
of two fubftances, one foft, and the other hard; the laft is twifted 
round the former f{pirally, and thus gives to it the afore-mentioned 
eord:like appearance.. 


If the mufcles are feparated by means of very,fine needles, ina 
drop of fome fluid, we find that they are not only compofed of 
_ fibres, membranes, and aerial veflels, but alfo: of nerves; and 
from the drops of oil that may be feen floating on the fluid, that 
they are alfo furnifhed with many unctuous particles, 


The number of mufcles im.a caterpillar is. very great, exceeding 
by much thofe of the human body ; the reader may form fome 
idea: of their quantity, by looking at Fig. rand, 3 and 4, of 
Plate XII. They occupy the greateft part of the head; there is 
an aftonifhing number at the oefophagus, the inteftines, &c. the 
fkin is as it were lined by different beds of them, placed one un- 
der the other, and ranged with very. great fymmetry. 


The number of mufcles that our obferver has been able to 
diftinguifh is truly aftonifhing ; he found 228 in the head, 1647 in. 
the body, 2066 in the steftined tube, making in all 4o41. 

THE sPINAL MARROW, and the brain of the caterpillar, if 
they can be faid to have any, feems to have very little relation to. 
thofe of man; in the laft, the brain is inclofed'in a bony cavity; 
it occupies the greateft part of the head, and is anfractuous, ane’ 
divided into: lobes. There 1 is nothing fimilar to this in the cater- 

pillar; 


4: 
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pillar; we find indeed in the head of that which we are defcri- 
bing, a part which feems to anfwer the purpofe of the brain, be- 
caufé the nerves that are diffeminated through the head are 
derived from it; but then this part is unprotected, and fo f{mall, 
that it does not occupy one-fifth part of the head ; the furface is 
fmooth, and has neither lobes nor any anfrattuofity: and if we 
mutt call this a brain, the caterpillar may be faid to have thirteen, 
as there are twelve more fuch parts following each other in a line; 
they are nearly of the fame fize with that in the head, and of the 
fame fubftance, and it is from them that the nerves are diflributed 
through the whole body. Left the idea of thirteen brains might 
be difagreeable to his readers, M. Lyonet has called thele parts 
ganglions. 


The fpinal marrow in the human fpecies defcends down the. 


back, inclofed in a bony cafe; is large with refpeét-to it’s length, 
and not divided into branches, diminifhing in thicknefs m_ pro- 
portion as it is removed further from the brain. Inthe caterpillar, 
the fpinal marrow goes along the belly, is not inclofed in any 
tube, is very {mall, forks out at intervals, and is nearly of the 
fame thicknefs throughout, except at the ganglions. For a de- 
fcription of the innumerable veflels, and curious texture of thefe 
parts, we muft refer the reader to M. Lyonet’s work. The fub- 
fiance of the fpinal marrow, and of the ganglions, 1s not near fo 
tender and eafily feparated as in man; it has-a very great degree 
of tenacity, and does not break without confiderable tenfion. The 
fubftance of the ganglions differs from that of the fpinal marrow, 
as no veffels can be difcovered in the latter, whereas the former 
are full of very delicate ones. The patient anatomilt of the 
_taterpillar has counted forty-five pair of nerves, and two fingle 

4 | ones ; 
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ones; fo that there are ninety-four principal nerves, whole 
ramifications are gets | : 


The TRACHEAL ARTERIES Of the caterpillar” are two large 
aerial veflels that creep under the {kin, clofe to the fpiracula, one 
at the right fide of the infe@, the other at the left, eaclt of them 
communicating with the air, by means of nine fpiracula; they 
are nearly as long as the body, beginning at the firft {piraculum, 
and going a little farther than the laft, terminating in fome 
branches, which extend to the extremities of the body. 


Round about each {piraculum the tracheal artery pufhes forth a 
great number of branches, which are again divided into {maller 
ones, which further fubdivide, and fpread through the whole _ 
body of the caterpillar. 


The tracheal artery, and it’s numerous ramifieations, are all 


open elaftic veflels, which may be prefled clofe together, or 


_ drawn out confiderably, but return immediately to their ufual fize 


when the tenfion ceafes. They are naturally of a filver colour, 
and have a very beautiful appearance in the microfcope. 


This elle and i principal branches are compofed of three 
coats, which may be feparated one from the other. The exterior 
covering is a thick membrane, furnifhed with a great number of 
fibres, which deferibe a vat variety of circles round it, commu- 


nicating with each other by numerous fhoots. 


The fecond is very thin and tranfparent; no particular veffel 
is diftinguifhed in it, The third is compofed of {caly threads, 
Ww © which 
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which are generally turned in a fpiral form, and come fo near 
each other as fcarce to leave any interval; thefe threads are 
curioufly united with the membrane which occupies the intervals, 
and form a tube which. is always open, notwithftanding the 
flexure of the veflel. There are alfo. many other peculiarities in 
it’s ftru€ture, which cannot be well explained-without more plates. 


The principal tracheal veffels branch out into 296 {maller ones,. 
from which there {pring 1926 different ramifications. | 


The part of the caterpillar which naturalifts call the heart,. 
without being certain that it performs the funftions thereof, is 
of a naturé very different from that of larger animals. It is. 
almoft as long as the caterpillar itfelf, hes immediately under the 
fkin at the top of the back, entering into the head, and ter- 
minating near the mouth. It is large and fpacious towards the 
lat rings of the body, and diminifhes very much as it approaches 
the head, from the fourth to the twelfth divifion ; it has en both 
fides, at each divifion, an appendage, which partly covers. the 
mufeles of the back; but growing narrower as it approaches the 
lateral line, forms a number of irregular lozenge-fhaped bodies. 


- "This mufeular tube has been called the heart of:the caterpillar ; 
firft, becaufe it is generally filled with a kind of lymph, which 
has been fuppofed to be the blood of the caterpillar; fecondly,. 
becaufe in all caterpillars, whofe {kin is in fome degree tran{~ 
parent, continual, regular, and alternate dilations and contrac- 
tions may be perceived along the fuperior line, beginning at the 
eleventh ring, and going on from ring to ring to the fourth, 


whence this veflel has been confidered as a file of hearts; but 
fill 
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lil this vifcera feems to have very little relation to the heart of 
larger animals; we find no veffel opening ito it, to anfwer to 
the aorta, or vena cava, &c. Kc. 


Near the eighth divifion are two white oblong malffes, that 
join the tube of the heart; they have been called reniform 
bodies, becaufe they are fomething fimilar to a kidney in their 


fhape. 


The corpus craflum is, with refpect to volume, the moft con- 
fiderable part of the whole caterpillar ; it 1s the firft and only fub- 
ftance that is feen on opening it, forming a kind of {heath, which 
envelopes and covers all the entrails, and introducing itfelf into 
the head, enters all the mufcles of the body, filling the greateft 
part of the empty fpaces i in the cater pular. It is of a milk-white 
colour. In it’s configuration it if very fimilar to the human 


brain. 


When the different maffes of the corpus craffum which covers 
the entrails are removed, the largeft parts are the oefophagus, the 
ventricle, and the large inteftines. | 


The oefophagus defcends from the bottom of the mouth to 
about the fourth divifion. The anterior part which is in the head 
"is flefhy, narrow, and fixed by different mufclés to the cruftaceous 

parts thereof; the lower part, which pafles into the body, is 
wider, and forms a kind of membranaceous bag, which is covered 
‘with very fmall mufcles; near the ftomach it is again narrower, 
and is as it were bridled by a flrong nerve, which is fixed to it at 


diftant intervals, 


rey 


Ww 2 be 
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The ventricle begins a little above the fourth divifion, where 
the oefophagus finifhes, and terminates at the tenth divifion; it is 
about feven times longer than it is broad; the anterior part, 
which is the broadelt, is generally folded. 


The folds diminifh with the bulk, in proportion as it ap- 
proaches the inteftines. A great quantity of nerves cover the 
furface, it is furrounded by a number of aerial veflels, and opens 
into a tube, which M. Lyonet calls the large inteftine. There 
are three of thefe large tubes, each of which differs from the others 
fo much, both in ftruéture and character, as to require a par- 
ticular name to diflinguifh them; though this is not the place to 
enumerate thefe chara¢teriftic differences. 


As moft caterpillars are endowed with a power, or faculty, of 
fpinning, they are provided with two velflels where the fubftance 
is prepared, which, when drawn out, and extended in the air, 
becomes a filken thread; thefe two -veflels are termed the filk 
veffels, or tubes; in the coflus they are often above three inches. 
long, and are diftinguifhed into three parts, the anterior, the in- 
termediate, and pofterior. The coffus has alfo two other veflels, 
which are fuppofed to prepare and contain the liquor by which 
it diffolves the wood on which it feeds. Thus have we endea- 
voured to give the reader an idea of the wonderful: organization 
of this apparently imperfe&t animal. Affuredly, the 4000 * mul 
cles employed in the conftruétion of. the coflus- cannot be 
confidered without the deepeft aftonifhment ! their admirable co- 


ordination and junction with other parts equally numerous, yet 
| all 


* Tyonet fur la chenille de faule, p. 584. 
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all harmonizing and acting together as if they were eflentially 
one, naturally lead the mind to confider the nature and perfec- 
tion of the theatre of creation; and to perceive that it is an 
exhibition of the higheft wifdom, and that this wifdom, which in 
the minuteft things gives evidence of fuch an immenfe attention 
to order and ule, has, no: doubt, framed the whole for fome 
great purpofe ; but what that purpole is, we fhall find it difficult 
to difcover.. 


- Though there is no doubt that even this difficulty may be re- 
moved, when mankind begin to confider the univerfe as one con- 
netted whole, manifefting and reprefenting the action of an all- 
beneficent Creator on his creatures, according to the feveral de- 
grees in which they are capable of receiving and difplaying this. 
action; or, in other words, that this tranfitory fcene is the 
ultimate refult of the ftate of purity, or error of thofe intelligences 
which aét thereon. But it would lead us too far from the fubjeét 
in hand, to enter into a difcuffion of this truly interefting fubjec. 
We muft, therefore, content ourlelves. with recommending the 
reader to fludy nature; with the {criptures in his hand, he may 
be aflured. that he will not only find that they perfectly agree | 
~ with each other; but he will alfo find, upon an attentive com- 
parifon of paflages of {cripture with each other, that thofe parts 
which he may have hitherto only confidered. as pleafing figures, . 
defcriptive imagery, and. perhaps as the fublime and beautiful of 
eloquence, have a,more diftin€ét and clofe connection with the 
fublime. and beautiful of nature ; that they point out the natural, 
anatomical, and phyfical relation of the various parts of animated 
nature-with man, and of man with fuperior intelligences. 


® 


' He: 
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Je would find that this knowledge was not founded upon the 
teftimony of a few obfcure paflages, but that every word of the 
facred ‘writings, when properly compared with others, will 
evince that they proceeded from the infinite fource of wils, 
dom, and contain fuch treafures from that fountain, as farpals the , 
utmoft effort of human ability to fathom ; and yet that enough is 
laid open to fatisfy every real inquirer.after truth. 


The following chara€ter of Mr. Lyonet’s work, by M. Bonnet, 
cannot, I think, but prove agreeable to the reader. I give it in 
the original, as I am perluaded it it would lofe much of it’s genuine 
force by a tranilation, 


Je propoferai ici pour modéle a tous les anatomiftes, ce célébre 
ferutateur de Ia nature A la fagacité & au burin duquel nous 
devons le merveilleux Traité Anatomique de la chenille; ouvrage 
immortel dont nous navions pas mémefoupconné la poffibilité, 
& que je regarde comme la plus belle preuve de fait de l’exiftence 
d'une PREMIERE CAUSE INTELLIGENTE. ge quel plaifir Se 
quel ettonnement ne lit-on point ces mots 4 la page xiii. de la 
Preface: “ Comme je ne me fuis propofé de publier qu’un fimple 
« Traité d'Anatomie, l’on ne doit pas s’attendre a trouver ici de 
« rand details phyfiologiques; cette partie, fi pleine d’ncer- 
* titudes, pour étre expolee comme il faut, auroit exigé nombre 
“ experiences, ape la répugnance que jai & faire fouffrir les 
“ animaux, ne m/a pas api de tenter; répugnance, qui eft 
« méme allé fi loin, que j'ai ufé de la plus grande épargne par 
*€ rapport & mes fujets, & que je'ne crois point que tout ce traité. 
“ ait cotité la vie a plus de huit ou neuf chenilles. Encore ai-je 
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* ey toujours foin de les noyer dans de Yeau avant que de les 
. ouvrir.” SiGzLon ftipuloit pour Thumanite.* Quand il in- 
terdifoit aux Carthaginois vaincus, les facrifices humains; 
Lyonet ftipuloit pour lanimalité quand il tracoit ainfi les de- 
voirs.de l’anatomilte, en.fe peignant fi naivement lui-méme. 


DescrieTion or Fic. 1,. PLate XIII. 
Or THE Lerpas ANATIFERA, OR BARNACLE. 


This is a: very. peculiar {pecies of fhell-fifh ;: the fhell is not 
compofed of two-pieces, or valves, as is the ufual cafe, but of 
five; two: of thefe are larger than the reft, to which are affixed 
two fmaller ones; the fifth piece is long, {lender, and:crooked,... 
running down. lengthways,. and covering oe joinings of the other: 
pieces. It is a tender and brittle fhell-fifh, mm length about an: 


‘inch, it’s diameter about three quarters ef an inch.. The fhell’ 


part is of a pale red, variegated with white; it adheres to.a neck,. 
or-pedicle, of an inch long, and about a fifth of an inch in: 
diameter; by which means it. is affixed: to old wood, to-{tones; 
and fea plants, or any other folid fubftance that lies under water. 
It can fhorten or extend: this neck at pleafure, which refembles a. 
{mall gut, and is ulually full of a glarious liquor ; it. is compofed 
of two membranes, an externalone, hard and brown, an internal. 
ene, foft, and of an orange colour. ‘The larger portions of the 
fhell open and {hut in the manner of the bivalves; the others, 
being moveable by means of their membranous attachments, give 
way 
\ 


* Monresquigu, Efprit des Loix,. 
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way to the opening of thefe, and to the ribaoies of the body of 
the fith, in any direction. It is furnifhed with a-clufter of fila- 
ments, placed in a row on each fide, fometimes fourteen in num- 
ber, —They are a kind -of.arms, appropriated: for catching it’s 
prey, and therefore placed fo as to furround the mouth of the 
animal, which is fituated between them, and confequently eafily 
receives what they thruft towards it. By the motion of thefe 
arms, which may be exerted in fuch a manner, as to play either 
within or without the cavity of the fhell, it forms a current of 
water, which brings with it the prey they feed upon. Fig. 1, 
Plate XIII. reprefents two of ee arms, or horns, as feen with 
the microfcope. Fig. 2 reprefents the natural fize of thofe from 
which thefe drawings were made. Each horn confifts of feveral 
joints, and each joint is furnifhed on the concave fide of the arm 
with a brufh of long hairs. The arms, when viewed in the 
microfcope, feem rather opake; but they may be rendered tranf- 
parent, and forma moit beautiful objeét, by extracting out of 
the interior cavity a bundle of longitudinal fibres, which runs the 
whole length of the arm. Mr. Needham * thinks the motion and 
ufe of thefe arms illuftrates the nature of that rotatory motion, 

which fome writers have thought they eucowered in the wheel 
animal, 


In the midft of the arms is a hollow trunk, confifting of a 
jointed hairy tube, which inclofes.a long round tongue, that the 
animal can pufh occafionally out of the tube or fheath, and re- 
tract at pleafure. The mouth of this animal is fingular in it’s 
kind, confifting of fix lamine, which go off with a bend, in- 

dented 


* Needham’s Microfcopical Obfervations, 
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dented like a faw on the convex edge, and by their circular 
difpofition are fo ranged, that the teeth in the alternate elevation 
and depreflion of each plate aét againft whatever intervenes 

between them. The plates are placed together in fuch a manner, 
that to the naked eye they form an aperture not much unlike the 
mouth of a contraéted purle. 


The weftern illes of Scotland, and fome other parts of the 
Britifh dominions, are abundantly ftored, at certain times of the 
year, with a bird of the goofe kind, commonly known in thofe 
places by the name of the brent goofe, or barnacle. Thefe 
birds rarely breed with us, but feek for their fitting feafon iflands 
lefs frequented than thofe where we find them in common. The 
feeing the birds fo frequent, and yet never finding any of their 
a induced ignorant people to believe they never had any, and 

hat they were not bred like other birds. 


About the very fhores where thefe birds are moft common, the 
lepas anatifera is alfo found in great abundance. The fifhermen, 
who obferved great quantities of thefe fhells affixed to rotten 
wood, or dead trees, that were floating in the water, or lodged 
by it on the fhore, were foon led to imagine that the filamentous 
fubflances which hung out of them refembled feathers, and per- 
fuaded themfelves that the geefe, whole origin they could before 
by no means make out, were bred from them, inftead of being 
hatched, like other birds, from eges.* It was afterwards affi ‘rived, 
that the fhells themfelves originally grew on the trees, in the 
manner of their fruit: and from this arofe the opinion that the 

barnacle, or brent goofe, was the produce of a tree. 
XX | Or 


* Hill’s Natural Hiftory of: Animals. 
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Or THE PRogoscis OF THE BEE, Fic. 3 AND 4, Pirate XIE 


The more we penetrate into the hidden recefles and internal 
parts. of nature, the more we find it marked with perfection in. 
form and.defign. This. pofition is fo clearly proved in the litle 
apparatus we are now about to deferibe, that Swammerdam,* 
{peaking of it, fays, that he cannot refrain from confefling, to. - 
the glory of the immenfe- and incomprehenfible Architett, that: 
he had but very imperfeGily deferihed and reprefented this little 
apparatus; for to réprefent it to the life in it’s full perfeétion, as: 
truly molt perfeét it is, far exceeds the utmoft efforts of humam 
knowledge.. | 


Soom as the matin glory-gilds the-fkies,. 
Behold the little virtuofi_rife !. 
Blithe for the tafk, they. preen their early wings. 
And forth to each appointed labour {pring. | 
Now nature-boon exhales. the morning f{team, . 
And glows and opens to the welcome beam ;, 
The vivid:tribes amid the fragrance fly, . 
And ev'ry art; and ev'ry bufinels ply.. 
Each chymift now his fubtle trank unfheathes,. 
Where from the flower the treafur'd odour breathes: 
Here fip the liquid, there felect the gum; 
And o'er the bloom with quiv’ring membrane hum.. 
Still with judicious {crutiny they pry, 
Where lodg’d the prime effential juices lies. 
Each lufcious vegetation wide explore, . 

' Plunder.the fpring of every vital ftore:: 


*. Swammerdam’s Book.of Nature, p..195+ 
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The dainty fuckle, and the fragrant thyme, 

By chymical reduction, they fublime, 

Their fweets with bland attempering fu€tion ftrain, 

And curious thro’ their neat alembicks drain ; 

Imbib‘d reclufe, the pure fecretions glide, 

And vital warmth concoéts th’ ambrofial tide, 
BROOKE 


By the probolcis, or trunk, the bee not only procures itfelf 
neceflary fubfiftence, but it is alfo employed ‘by the animal to‘col- 
leGi the honey, which we appropriate to ‘ourfelves as if it was 
made forus. It may be conftdered ina general view as confift- 
ing of feven pieces; one of thele, 11, bc, Fig. 9, Plate XUL 
is placed in the middle; this is fuppofed to be pervious, and to 
conilitute what may be properly called the probofcis. Theyother 
fix fmaller parts, or fheaths, difpofed in three pairs, are placed 
on each fide the former. They not only affift it in extracting and 
gathering the honey from the flowers, but they alfo protect and 
firengthen it. The probolcis (11, bc) itfelf is very curioufly 
divided ; the divifions are elegant and regular, and are befet all 


round with briftly triangular hairs, diftributed in an elegant order: 


thefe divifions, though very numerous, appear at firll ight as a 
number of different articulations, 


‘The two pieces aa ofthe exterior fheath are of a fubftance 
partly between bone and horn, and partly membranaceous ; they 
are fet round with hairs, and are furnifhed with air veflels, which 
are diftributed through their whole texture; the upper ends ff 
of this fheath appear to be a little bent, but can be ftraitened by 
the bee when they are applied to the probofcis. At dd are two 

xX 2 articus 
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articulations, by meansof which the pieces aa may be occafion- 
ally bent. The joints contribute towards bending the probolcis 
downwards, or rather underneath, again the head. Thefe 
fheaths, together with the two interior ones ee, affifl in defend- 

ing, covering, and protecting it from 1 injuries ; it is alfo probable 

that they forward the defcent of the honey, by prefling the pro- 
bofcis.. The parts kk of this fheath ger been called by tome 
writers the: root. 


Theta parts ee of the interior fheath are placed higher than 
thofe of the exterior one ; they originate at ¢ gon the probofcis it- 
felf, and near that part, or articulation, by»which the bee can upon 
occafion bend the probofcis; this fheath, therefore, always moves 
with the middle part 11, andis.carried forward by-it, the exterior 
fheath being left behind, bécaufe it’s attachments and origin are 


below that of the probofeis.. The pieces ee are very fimilar in 


ftru@ure to thofe of aa, only that each of them has on the upper 
part three joints ; the lower one is much longer than the other 
two; they are all of them furrounded with fhort hairs. The 
{mailer articulated pieces never lie clofe to the probofcis, nor cover 
it, but are only placed near it, the two upper joints projecting 
outwards, asin this figure, even when the whole apparatus is fhut 
up as much as poflible. Swammerdam thinks thefe joints are of 

eflential ufe to the bee, a€ting as it were in the manner of fingers, | 
and affift the proboleig, by opening the leaves of the flowers, and 
removing other obftru€tions from it: or like the two fore feet of 
the mole, by the help of which it pufhes the earth from the fides 
both ways, that it may be able with it’s fharp trunk to fearch for 


“it’s food more conveniently, There are two {maller pieces, or 


4 | fheaths, 


y 


7 Smet = —— = = = = = = = === == += 
- = ci stan = 


We ba Feet Street May 20782, 


led, for Bo Publi bv Ceo: 


/ 

{ 
i 
{/| 
if ‘ 
[oe 


Vasa Be, 


SSS a 


in eee eS 


“fj 


A MicroscoricaLn Essays. ue ee 
fheaths, mm, near the bottom of the probofcis; thefe cannot be 
well feen without removing the {heath ee. 


The probolcis is partly membranaceous, and pay of a griftly 
nature; the lower part isformed in fuch a manner, that it will 
fwell out confiderably, by which means the ee cavity may 
be prodigioutly enlarged, and rendered capable of receiving a 
very large quantity of native and undigefted honey, and larger 
than might be expected from it’s fize. When the probofcis is 
{hut up and inactive, it is very much flattened, and is three or 
four times broader than it is thick. The edges are always round; 
it grows tapering, though very gradually, towards the extremity. 
The lower aad membranaceous part of the trunk has no hair on 
it, but is covered with little protuberant tranfparent pimples, 
that are placed in regular order, and at equal diftances from each 
other, refembling the little rifings obfervable on the fkin of birds 
when the feathers have been plucked of. ‘They are probably 
glandules, and may have a confiderable {hare in changing or pre- 
paring the honey that is fwallowed or taken up by the probolcis. 
Down the middle of the probofcis there is a tube ofa much harder 
nature than the fides, it grows gradually {maller towards the top; 
at this place the probolcis 1 is very thick fet with {mall hairs ; whe- 
ther they are open tubes, or whether they only ferve as fo many 
claws, to keep it in it’s ‘proper place while in action, has not been 


determined. 


The probolcis terminates ia a {mall cylinder ¢, at the top es 
which there i is a little globule, or nipple - the circumference of 
the upper part of this cylinder is befet with hairs, which radiate | 
oe it; the bee can contrat this cylindrical part, and the litle 

; membrane, 
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membrane, in which the hairs are fixed, into a much fmaller 
-compals, and draw it inwards, ; 


‘The probofcis is not cylindrical, but rather a kind of convex 
blade, terminating nearly in a point; and the fheaths are fo con- 
trived as to cover little more than the upper part of it; they are 
‘a kind of angular groove, of which the upper fide is the broadeft. 
The exterior fheaths lap over each other on the upper part, fo 
that the outfide of the probofcis is prote&ted by ‘a very ftrong 
double cale, a covering that was unneceflary for the under part ; 
becau/le when this inftrument is 1n.ufe the fheaths are opened, but 
when it is inaétive it is fo folded that the under part is protected 
by the body of the bee. Within fide the exterior fheath, and 


near the bottom q, are two levers, which are fixed to the end of | 


the probolfcis, and by which it is raifed and lowered. 


If a bee ts attentively obferved when it has placed itfelf upon a 
full-blown flower, the a€tivity and addrefs with which it ufés this 
apparatus ‘will be very:confpicuous. It lengthens the end of it, 
and applies it to the bottom of the petals, or leaves, of the flower, 
moving it continually in ten thoufand different ways, lengthening 
and fhoreening it, bending and turning it in all poffible directions, 
to adapt it to the form of the leaves of the flower. Thefe various 
movements are executed with a promptitude that furpafies all 
‘defcription. : 


Mr. Swammerdam thinks that the honey is, as it were, pumped 
or fucked up by the bee through the hole at the end b of the pro- 
bofcis; he does not feem to have difcovered the apertures which 


are-on the cylindrical part, near the end b.. 
M. Reau- 
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M. Reaumur thinks it 1s ufed as a tongue to lap up the fluid 
which is conveyed down between.the fheath to the mouth of tke: 
bee. To prove this, he placed a bee in a glafs tube, the infide of 
which was rubbed. over with honey, and,little pieces-thereof pla-. 
ced in different parts ; he obferved the trunk lying en the honey, 
the end thereof being flretched beyond the honeyed heap.;. fhe 
bends it into-the form of a bow, and inferts the moft convex part 
of this bow-into the liquor, and then rabs the glafs backwards — 
and forwards with the fame fide of the probofcis, fo.as very foon. 
to clean that part of the glafs.to which fhe applies it... Its after- 
wards conveyed to the throat by the various vermicular motions 
ef the probofcis. Thofewho wifh for a fuller account of this 
curious apparatus, wall do well to confult. the interefting memoirs: 
ef M. de Reaumur, who. has, with a. wonderful fagacity, dil- 
covered the principal {prings of this aftonifhing machine. He has 
there defcribed more than twenty parts of which it is made, and 
almoft given a complete anatomy of this little organ. Like a 
workman who takes to pieces a watch which he himfelf has 
made, he lays.before us the feveral pieces, makes us remark their 
fitnefs, their adjuftment, their ufes, the play of their fprings, 
pivots, and pillars; for all:thefe parts, and many. more, are to be. 
found in the probofcis of the bee:. 


Or tue Wincs- OF INSEGTS: 


The attentive obferver will find a very pleafing variety of ob- 
jets in the wings of different. infe¢ts. The beauty of their 
colours, the delicacy of their ftruéture, the art with which they. 
are connefted to the body, the curious manner in which fome are 
folded up, the admirable texture of their joints, imprels on the 
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mind a deep fenfe of that wifdom, which is manifefted in fuch 
various ways through the whole works of creation. 


The delicate tranfparent wings of many infe€ts are covered and 
protected by elytra, or cafes, which alfo in fome meafure a& as 
wings. — Thele 


«A two-fold apparatus fhare, 
Natives of earth, and habitants of air; 
Like warriors ftride, opprefs’d with fhining mail, 
But furl’d beneath their filken pennons veil : 
* Deceiv'd, our fellow reptile we admire, 
His bright endorfement, and compact attire ; 
When lo! the latent {prings of motion play, 
And rifing lids difclofe the rich inlay ; 
The tiffued wing it’s folded membrane frees, 
And with blithe quavers fans the Balers Bree 


The exterior cafes are harder and more opake than the under 
ones; they are generally highly polifhed, and often enriched 
with various colours, adorned with ornamental flutings, and 
ftudded with brilliants. All thefe ornaments are united in the 
curculio imperialis t (or diamond beetle), one of the molt 
refplendent creatures in nature; the head, the wings, the legs, 
&c. are curioufly befet with {cales of a moft brilliant view, out- 
vying the ruby, faphire, and emerald. It is faid, that in the 
Brazils, from whence they come, itis almolt impoflible to look at 

them 


* Brooke’s Univerfal Beauty. 


+ Fabricius Spec, Inf. 184. 129. pelican Inf, 2 Tab. 93, Fig. 1. 
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them on aiunny day, when they are flying in little fyarms, fo 
great is the glowing glory of their heightened colours. 


The ftrength and hardnefs of the elytra are admirably adapted 
to the various purpofes of the infeéts to which they are appro- 
priated, and at the fame time that they proteét the tender wing, 
they ferve as a ihield to the body; the ribs, and other prominen - 
cies, on many of them, contribute to leflen the friGion, and 
diminifh the preflure te which they are-often expoled. 


In moft of thefe infects the under wing is longer and larger 
than the exterior one, fo that it is obliged to be bent and folded 
up, in orderto lie under the elytra; for this purpole they are 
furnifhed with flrong mufcles, and proper articulations, to diff play 
and conceal them at pleafure. Fig. 2, Plate XIV. reprefents the 
wing of the earwig *when unfolded, and of it’s natural fize. 
Fig, 1 reprefents at as exhibited by the microfcope. We {hall 


defcribe this more particularly hereafter. 


We have already treated of thofe decided differences in ane 


wings of infeéts, which’ affift the natural hiflorian in ranging 


them into clafles; fo infinite are the varieties to be obferved in 
this curious organ, that only to enumerate them would occupy 
many pages; we mult, therefore, content ourfelves with a few 
general remarks, leaving it to fome future writer to difplay the 
wonders that. are manifefted in their difpofition, ftru€ture, mo- 
tions, and. ornaments. In general, the wings are delicate and 
yet trong, furnifhed with ribs, or nerves, curioufly inofculated 

| : Y y together, 


* Forficula auricularia, «Lin. Syft. Nat. vol 4, part 2, 686-. 
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together, fo as to ftrengthen and convey nourifhment to the 
feveral parts of the wing, while by the diverfity of their ramifica- 
tions they add to it’s beauty; many have their wings fortified 
with briftly hairs, which they can ereé at pleafure, Plate XV. 
Fig. 1. 


The wings of the moth and butterfly are moftly farinaceous, ° 
being covered with a fine duft, which renders them opake, and 
is alfo the caufe of thofe beautiful and variegated colours which 
fo richly adorn them, that 


* Not all the fhew and mockery of ftate, 

The little, low, fine follies of the great ; 

Not all the wealth which eaftern pageants wore, 
What ftill our idolizing worlds adore, 

Can boaft the leaft inimitabie grace 

Which decks profufive this illuftrious race.” 


Ever fince the microfcope was invented, this duft has engaged 
the attention of the microfcopic obferver. For by this inftru- 
ment it is found to be a regular aflemblage of organized {eales 
of various fhapes and colours, fome long and flender, fome fhort 
and broad, fome notched at the edges, others {mooth, generally 
furnifhed with a kind of foot ftalk, by which they are fixed to 
/the wing, fee Fig. EF HI, of Plate XVI. Their fhapes are not 
only very different in moths of various fpecies, but of thofe on 
the fame moth fome will be found to be nearly oval, while others 
are triangular; a variety of large ftripes, or ribs, are to be dif- 
covered in thefe {cales, and between thefe larger ramifications 
minuter lines may be feen; the larger ftripes feem in general to 

| rife 
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rife from the exterior notches; fome of thefe fcales, or plates, 
are to be found fo exceedingly flender, that it 1s not eafy to dif- 
criminate them from hairs by the naked eye. The regular 
arrangement of thefe plates, one befide, and partly covering the 

other, as in the tiling of a houfe, is beft feen by examining the 
wing in the opake microfcope. The prodigious number of {mall 
fcales which cover the wings of thefe beautiful infects, is a fure 
proof of their utility to them, becaufe they are given by HIM 
who makes nothing in vain. 


That the lively and variegated colours which adorn the wings 
of the moth and butterfly arife from the {mall fcales, or plates, 
that are planted therein, is very evident from this, that if they 
are brufhed off from it, the wing is perfectly tran{parent ; but 
whence this profufion and difference of colour on the fame wing ? 
is a queftion as difficult to refolve as that of Poor, when he 
alks, 


« Why does one climate and one foil endue \ 
The blufhing poppy with a crimfon hue, 
Yet leave the lilly pale, and tinge the violet blue?” | | 


The materials of the wings under thele plates feem to be of a 
talcy nature; the wing is flrengthened by feveral nerves, or 
ribs, which run through it; the largeft fortifies the exterior edge 
of the wing, while a {maller one flrengthens the interior edge. 
When the moth immerges from the chryfalis, the wings are foft 
and thick, and if they are examined at that time, they will be 
found to confift of two membranes, which may be raifed up,. and 

Sat Yy 2 then 
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then feparated, by blowing between them with a fimall tuber 
The vellel s, or ribs, lie between thefe f{kins. | 


As the wings of the moth and butterfly are light, they can fip- 
port themfelves for a long time in the air; their manner of flying 
is ungraceful, mounting and defcending alternately, fo that they 
shri move in a zigzag line, to the right and to the left, up 
and down; by this means they often efcape the birds who chace 
them, as this undulating motion difappoints them in their aim-:. 
hence they often may be feen to purfue a putea in vain for a 
confiderable time. 


Dr. Hooke * endeavoured to inveftigate the nature of the-mo» 
tions of the wings of infects; and although he was not able, froma: 
the experiments he made, to give a latisfactory account of them,, 
yet as they may be ufeful' to fome future inquirer,’ and: lead him: 
more readily into the path. of truth, 1 hope an extraét therefrom 
will not prove unacceptable to the reader. To inveltigate the: 
mode og manner of moving their wings, he confidered: with at- 
tention thofe fpinning infeéts that fufpend, or as it were poife- 
themfelves, in one place in the air, without rifing or falling, or- 
even moving backwards or forwards; by looking down on thele: 
he could, by a kind of faint fhadow, perceive the utmoft extremes. 
of the vibratory motion of their wings ; the fhadow, while they 
were thus fufpended, was not very long, but was lengthened when. 
they endeavoured to fly forwards. He next tried, by fixing the: 
legs of a fly upon the top of the flalk of a feather, “with glue,. 
wax, &c. and then making it en avout to fly away; he was: 

shee 


# Hooke’s. Micrographia, p, 172. 
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thereby ablete View G€ if any poflure. F rom hence he colleéted; 

that the extreme limits of the vibrations were ufually iSrietens 
about the length’ of the body diftant from each other, often 
fhorter, and fometimes longer. The foremoft limit was generally 
a little above the back, and the hinder one fomewhat beneath the 
Belly ; between thefe, to judge by «the found,.they feemed to 
move with an ‘equal velocity; ‘The tmanner of) their moving 
them, if'a juft idea can be-formed by thefhadow of the wing, te 
- a confideration of it’s nature’/and ftruCture; feemed: to be this: 
the wing being fuppoled to bé in the extreme limit; it is then. 
nearly horizontal, the fore part only being alittle depreffed’; in 
this fituation the-wing moves to the lower limit ; before it. arrives 
at this, the hinder part begins to» move fafteft; the area of the 
wing begins to dip behind, and in that pofture it feems to be 
“moved to the upper limit back again: ‘Thefe vibrations (judging 
by. the found, and comparing them with a {tring tuned in unifon. 
thereto) confift of many hundreds, if not thoufands, in'a fecond- 
of time. The powers of the governing faculty of the infeé, and 
the vivacity of it’s fenfations, whereby every organ is. {timulated: 
to a€t with fo much yk Sap and regularity, furpafs our, prefent 


eomprehenfion.. 


Fig. 1, Plate XV. is a reprefentation of the wing of the heme- 
robius perla (Lin. Syft. Nat. vol. 1, part 2, page gi4-2). of the 
natural fize.. Fig. 2 reprefents the fame wing magnified. This 
elegant infect has acquired the name of Remena is from the 
ieee of it’s life, as it feldom lives more than two. or three 
days in it’s fly late’: Limnzus has placed it im his fourth clafs, 
among thofe infeéts which have four tranfparent wings and no 
fing, The wings are nearly of a length, Ae ieewals {imilar; 

they. 


374 MicroscopicaL Essays, 


they are compofed of delicate fine nerves, regularly and elegantly 
difpofed, as may be feen in the figure; they are beautifully 
adorned with hairs, and are flightly tinged with green. The 
body is of a fine green colour, and it’s eyes appear like two 
delicate beads of burnifhed gold, from whence it is by many 
called the golden eye. This curious little infeét lays it’s eggs on 
the leaves of the plumb, rofe tree, &c. the eggs are {mall and 
white, and each of them fixed to a little pedicle, or foot ftalk, 
about half an inch long ; they ftand off from the leaf, and appear 
much like the fructification of fome of the mofles. This fingular - 
circumftance has been already noticed in page 265 of thefe effays. 
The larva which proceed from thele eggs refemble that of the 
coccinella, or lady cow, but are much handfomer ; it feeds like 
them on the aphides, or pucerons, fucking their blood, and 
forming itfelf a cafe with their dried bodies, im which it changes — 
into the pupa ftate, from whence they afterwards immerge in the 
form of the fly here deferibed. 


Fig. 2, Plate XIV. reprefents the wing of the forficula auricu- 
laria, or earwig, (Linn. Syft. Nat. vol. 1, part 2, page 680-1) of 
the natural fize. Fig. 1, the fame wing magnified. ‘Though this 
infe€t is fo very common, yet few people know that they 
have wings, and fewer yet have feen them; they are of a curious 
and elegant texture, and wonderful ftruéture. The upper part is 
cruftaceous and opake, while the other part is beautifully tran{- 
parent. It folds up into a very {mall compafs, and lies nearly 
concealed under the elytra, which are not more than a fixth part 
of the winginfize. They firlt fold back the parts A B, and then 
fhut up the ribs like a fan; the ftrong mufcles ufed for this purpole 


are feen atthe upper part of the figure. The ribs are extended 
. from 


Sn eI 


eee 


y 


> 


sion Printed tor cPublithid by Ceo’ Adams N°b0 Fleet Street May 2001787. 


8 : 


Llate 75. 


MreroscoPicAL Essays. 375 


from the center to the outer edge, others are extended only from 
the edge about half way, but they are all united by a kind of 
band, ata fmall but equal diftance from the edge; the whole 
evidently contrived to ftrengthen the wing, and facilitate the 
various motions thereof, The earwig is a very deftruétive 
animal, doing confiderable injury to mo! kinds of wall fruit, to 
carnations, and other fine flowers, &c. and as they only feed in 
the night, they efcape the fearch of the gardener. Reeds open 
at both ends, and placed among fruit trees, are a good trap for 
them, as they croud mto thefe open channels, and may be blown 
out into a tub of water. As they conceal themfelves in the day- 
time, thofe that are curious in flowers place tobacco pipes, lob- 
fters claws, &c. on the top of their garden fticks, in order to 
catch them. This infect differs very little in appearance in it’s 
three different ftates. De Geer aflerts, that the female fits on her 
eggs, and broods over the young ones as a hen does over her 


csss- 
Or tHe Eves or INSECTS, 


The conftruction and formation of the eyes of infeéts differs 
-confiderably from that of other animals. In other creatures the 
eyes are moveable, and generally placed one on each fide of the 
head, and two are fufficient for all the purpoles of vifion. But 
in infects the eyes are fixed, and therefore would not ferve to give 
them a view of any obje& but what was placed direétly before 
them. We therefore find that they are provided with a number 
of eyes, which in fome fpecies, as in the fpider, are fingle, and 
placed at fome diftance from each other, But the greater part 
are 
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are furnifhed with a colleGtion of an. indefinite number of very 
final] fingle eyes, placed in one common cale‘or focket. 


The two protuberances ‘on .the geet syiteie rare Were by 
thiseongeries,of eyes, feem to the naked eye, to confift.of a num; 
ber of lines, crofling with great regularity andiexaéinefs, at fome 


little diflance from, each ether, like the mefhes of a net, from 


whence they have:been termed, the reticular eyes, Thole of the 
libellula;are peculiarly well adapted, on account. of their fize, for 
ay miérofopic: view of this fubjeét.. Thefe, eyes are. fo periecily 
fmooth and polifhed, ‘that when viewed as an opake object, they 
will, like fo. many mirrogs,,retleét the 1 images of all the furround- 
ing ,objecis. ‘Lhe figure of a candle may -be feen multiplied 
almoft to,anfinity-en, their; furfaces,. fhifting it's beam to each eye 
according to the motion givenut by the oblerver's hands.. Other 
animals.are obliged to turn their eyes towards any object, but 
thefe have eyes ready directed to it, on whatever fide it may pre- 
fent itfelf. The genus of cancri. have their eyes moveable, but 
for the moft part reticulated,like, other infects. ; 


_ Though: the reticulated ,eyes of flies are large, not only in-pro- 
portion to the fize of the creature, but abfolutely andin themlelyes; 
yet the feveral {mall eyes, ofi which they are compoled,. are re: 

markably my hute in-comparifon of thole of the butterfly clafs. 4 


Moftt.of che, liaiserly, lals me in each of their reticulated. 


eyes many ‘thoufand {mall.ones ; but the thy clafs greatly exceed 
them in, the: number.of thefe; as many ofjtheireyes are three times 
as large as-thofe) of the butterily, and, befides that each {malle ek eye 
4s yall lly more minute. 
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Mr. Hook computed 14,000 hemifpheres in the two eyes of a 
drone; Mr. Leeuwenhoeck reckoned 6236 ina filk-worm’s two 
eyes in it’s fly flate; 3181 in each eye of a beetle, and 8000 in 
the two eyes of a common fly. The pearl eyes of the dragon fly 
appear with a common: reading-elafls like fhagreen, and Mr. 
Leeuwenhoeck reckoned in each eye of this infeét 12,544 lenfes, 
placed in an hexangular pofition, each lens having fix others 
round it. He alfo obferved in the center of each lens a minute 
tran{parent fpot, brighter than the reft, fuppofed to be the pupil, 
furrounded with three circles, and in appearance feven times lels 
than the diameter of the whole lens. Mr. Puget counted 17,325 
in the eye of a butterfly, which Malphigi concludes to be diflinét 
and feparate eyes. The Abbé Catalan, and others, have fince 
fhewn, that all the eminences difcoverable in the cornea of infects 
have the neceflary parts, and perform the offices of an eye. 
Leeuwenhoeck difcovered the bundles of optic nerves which {erve 
thefe {mall lenfes; and Reaumur fuppofes that thefe fupply the 
place of all that is wanted behind the lenfes, for the organization 
of an eye complete for vifion, 


But it isin the works of Swammerdam that we are enabled to 
contemplate the aftonifhing organization of the eyes of infects. 
Under each mefh, or facet, there is a little pyramid of fibres, 
broad at the bafe, and growing {maller as it proceeds inwards. 
The pyramids have the fame number of fides as each eye, and 
there are, therefore, as many hexagonal pyramids as there are 
{mall facets, or eyes, in the infeét. An innumerable quantity of 
pulmonary tubes afcend thefe fibres; thele tubes terminate in a 
fine tranfparent ‘white fibrous membrane, of a convex fhape, 
which is alfo thick fet with pulmonary tubes; under this mem- 
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brane is another, which is more delicate and more tranfparenty. 
but connected with it by means of pulmonary tubes; under this 
there is placed a fecond f{pecies of fibres, tranfverfely applied, like 
fo many beams, to fupport the pyramidal fibres that are laid 
over them. 


Each fide of the head ofa fly, which is cut as it were into a 
multitude of fmall facets, is one of the reticulated eyes of the 
creature. Nature allots two of thefe reticulated eyes to each fly ; 
and as they each contain fuch a vaft multitude of fmaller, but 
perfect eyes, one would imagine them to be very fufheient for all 
the occafions of the animal. There are, however, certain flies of 
the ephemera kind which have four of thefe reticulated eyes, two 
of which are placed as is ufual inthe mufca, and are but of {mall 
extent; the other two have each the appearance of a fort of tur- 
ban, and are placed one befide the other upon the upper part of 
the head. 


Thefe have fomewhat the figure of a mufhroom, the head of 
it extended a little beyond the ftalk, and the upper convex fur- 
face cut into almoft an mnumerable quantity of facets. 


The firft pair of the reticular eyes of this fly, which are placed 
as thofe of the other flies, are in colour brown; thofe of the 
mufhroom form are of a very beautiful citron-colour, and as 
tran{parent as the moft pellucid reticular eyes of other flies; tor, 
among the various fpecies, fome have thefe eves much more 
tranfparent than others. The fly, thts remarkably furnifhed 
with eyes, is produced from a worm of the fame kind with the 
common fpecies of ephemerons; it’s body is of a pale yellow, 

and: 
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cand it’s wings white; the two inferior ones of thefe are fo fmall, 
that they are not eafily diftinguifhed. 


Among the fly clafs thefe reticular eyes are, in different {pe- 


‘cies, of different colours’; there are fome which have them brown, 
others yellow, others green, and others red, and this in all the 


different fhades of thofe colours. Some of them have alfo the 
glofs of metals highly polifhed, others afford usa view of change- 


able colours, and ethers have arrangements of different colours, 


fixed and invariable. The eyes of one fpecies of the gad-fly, fo 


troublefome to oxen, have ftreaks of red, green, and brown, 


placed alternately. | 


One seal imagine, that:as every fly has two of thefe reticular 


eyes, each compoled of {uch a multitude of real eyes, they could 
_ have no occafion for any more ; but fo it has not appeared to the 


great Being that formed them, for many {pecies are furnifhed 
bie more eyes, which differ both in conitruétion and form. from 


thofe that are reticulated. 


The eyes already defcribed are properly called reticular ones: 


and to avoid confufion, it will be neceflary to defcribe thofe 
which differ from them by fome determinate name (they are now 
generally termed the flemmata); thefe, when examined by the 
beft microfcopes, appear of a perfettly fmooth, glofly, and 


polifhed furtace, but plain and fimple, without the leaft appear- 


ance of a reticulated texture. They are alfo much {maller than 
the reticulated eyes, and may therefore be called, by y way of 


diftinGtion, the fmaller {mooth eyes, or the ftemmata. 


LZ 2 , M, De 
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M. De la Hire feems to have been the firft perfon who dif- 
covered thefe fmooth eyes. He obferved three of them difpofed 
in a triangular form, on the back part of the heads of fome of 
thefe little creatures. He foon found that they were tranf- 
parent, and thence naturally judged them to be of the fame 
nature of the cornea of our eyes, and really to ferve the fame 
office to the creature pofleffed of them. 


We find three of thefe fmooth eyes placed triangularly on the 
back part of the head of vaft numbers of the genera of flies, as 
well of the two-winged as of the four-winged kinds ; but there 
are alfo fome of both thefe clafles, in which they are wanting, 
All the fpecies of gnats, and of tipule, are without them. The 
heads of thefe are very {mall in proportion to the bulk of their 
body, and are in a manner covered by their reticular eyes. The 
want of the fmall eyes is amply made up by the fize and extent 
of the larger; but there are fome other kinds which ‘want them, 
without having this advantage in their place. - Of the two-winged 
flies with fhort bodies, the gad-flies want thefe eyes ; and among 
the longer bodied and four-winged kinds, the flies produced from 
the puceron-eaters (hemerobius). . 


Notwithftanding, therefore, that many fpecies of flies have 
thefe eyes, there are yet fo many that want them, that Mr. De la 
Hire would not have judged thele to be their only eyes, -if he had 
made experiments on the reticulated ones, in the manner of Mei. 
Swammerdam and Reaumur: Mr. Swammerdam put upon. the 
eyes of certain flies a covering of black, {teeped in oul ; in this 
ftate they flew at random, and feemed to have-no flrength; and 
wherever they fettled they did not ayoid the hand which would. — 

6 take 
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take them. M. Reaumur made alfo fome experiments upon the 
reticulated eyes of bees, which were all taken from the fame 
hive. He fpread upon them a covering of dark-coloured varnith, 
and fhut them up with fome of their companions which had not 
been touched, ina large powder-box. At about eight or ten 
fleps from the hive from whence they were taken, the cover of 
the box was taken off; thofe which had their eyes clear imme- 
diately took their flight, and went to their habitation; thofe 
whole eyes were varnifhed made no hafte to.get out of the 
box; they had fome difficulty to. determine themfelves. for flight, 
and the greateft number dire€ted-it at random,. and on different 
fides, and went not far. To oblige fome of them to fly farther, 
they were thrown into the air; they raifed themfelves vertically 
till they were loft, and. not one of them feemed to. know the way 
to it’s hive. 


To know what would happen if the ftemmata were covered, 
he put varnifh upon them, in the fame manner as was done to the 
reticulated eyes, and fet them likewife at liberty, about three or» 
four fteps from the hive; not one feemed to know it’s way, Or 
even feek it. They flew on all fides upon the plants, but did not 
fly far. = 


An infeét is, I believe, never found with both kinds of eyes 
but when it is in it’s perfect ftate. ‘The moth, for inftance, which 
has feveral thoufands of eyes in the reticulated form, has only fix 
{mall fmooth eyes in the ftate of the caterpillar. The wonderful 
anatomift of the coffus has fhewn, that the eyes of the latter are in 

the form of a cup, and that the cornea, which is the cover to this . 
cup, is very tranfparent. He has been enabled to difeover a true 
®) 


pu c 
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optic nerve, that divides into fix branches, which are conneéted 


with each eye; each of thefe is accompanied with a pulmonary 
tube. This celebrated obferver, in {peaking lightly of the reti- 


culated eyes of the moth. of the -coffus, which are in number 


22,000, fays, that each is probably a telefcope, confifting at 
leait of three lenfes. 


It is eafy to {hew with the ‘eye of a fly, prepared as we have 


already defcribed in page 142, chapter iv. and thenplaced before 


the microfeope, that each of the portions of thefe reticular eyes 
have the power of refraQing the light, and forming an image of a 
candle, or any other objeét, at their re{pective foci. Mr. Martin 


athrms, that in a great number of obfervations he always found 


that| the. edge. e of|the « cornea of each eye was always thicker in the 


: auacle ‘hah at the edges, and that this fwelling out, or increafe 


of thicknefs, was equal on each fide, and exactly oppolite, 
amounting to a full proof that the cornea of an infeét’s eye is 


really a fyftem of a great number of exceeding {mall double: and 
equally convex lenfes, of an hexagonal form, “and affording one 


of the moft f{triking inftances of Divine geometry and. optics.” 


Fig. 3, Plate XVI. is a reprefentation of a {mall portion-of the 
cornea of the libellula, as feen by the microfeope. The fides of 
the hexagons, in fome pofitions of the light, appear ofa fine gold 
colour, and divided into three parallel lines. Fig. 4 is the fame 
piece of it’s natural fize. 


Fig. 5, Plate XVI. reprefents a piece of the cornea of a lobfter’s 


“eye; in thefe each of the eyes are fet as it were m a {quare frame. 
Fig. 6, the fame piece not magnified. » 


Mr. 
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Mr. William André has fhewn, that thefe are not the only 
variations which are to be found in the eyes of thefe {mall crea- 
tures ; for thofe of the monoculus polyphemus are made up of a 
great number of {mall tranfparent amber-like cones. See his 
letter to Sir Jofeph Banks, in the Philofophical Tranfa€tions, 
a fhort extract from which I fhall proceed to lay before the 
reader. 


* The monoculus polyphemus, or ‘king crab, is a cruftaceéous 
animal, found in all the feas furrounding the continent of America: 


and the Weft India iflands, and which frequently grows to a very 


large fize. 


« If the fhell of the monoculus were divided fairly in half, the 
large eyes would be nearly in the center of each piece, and the 
{mall ones on the divided edge, near the fore-part of the fhell. 
The large eyes are at a great diftance from each other; but the 
{mall ones are clofe together. It will appear hereafter that the 
large eyes are made up of a great number of fmall tranfparent 
amber-like cones, and. that the {mall ones are compofed of one 
fuch cone only; fo that they may be divided into eyes with many. 
cones, and eyes with a fingle cone. The large eyes, or thole 
with many cones, appear as two tranfparent {pots, about the fize 
and nearly of the fhape cf a kidney-bean, the concave edges 
looking towards each other, and the convex towards the edge of: 
the fhell. Ifthey be examined attentively, we may difcern on 
their furface a number of fmall depreffions, which point out the 
center of each cone. The fmall eyes, or thole with a fingle cone, 
look like two fmall tranfparent fpots, not larger ana a pin’ 8 
head; thefe, from their minutenefs, are eafily overlooked. 


“ The 
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"The appearances which have been deferibed may be feen on 
the external furface of the fhell with the naked eye ; but in order 
to proceed to a further inveftigation of the fubjeét, the cornea 
muft be removed from the fhell, and applied to a finele micro- 
{cope with a very {trong light. | 


« The internal furface of the large eyes, examined with’ the 
microfcope, is found to be thick fet with a great number of {mall 
tranfparent cones, of an amber colour, the bales ef which ftand 
downwards, and their points upwards next the eye of the ob- 
ferver. The cones in general have an oblique direétion, except 
fome in the middle of the cornea, about thirty in number, the 
direétion of which is perpendicular, 


«<The center of every cone being the moft tranfparent part, and 
that through which the light paffes, on that account the perpen- 
dicular or central cones always appear beautifully illuminated at 
their points. Ina word, they are all fo difpofed, as that a cer- 
tain number of them receive the light from whatever point it may 
iflue, and tranfmit it to the immediate organ of fight, which we 
may reafonably fuppofe is placed underneath them; the cones are 
not all of the fame length; thofe on the edges of the cornea are 
the longeft, from whence they gradually diminifh as they ap- 
proach the center, where they are not above half the length of 
thofe on the edges.” | 
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Or tHe INSECT WHICH IS REPRESENTED AT Fic. 1, 2, 3, 
Pratre XVII. 


This very beautiful and fingular infeét was firft pointed out to- 
me by Mr. Marfham, who had feen it in the cabinet of infeéts 
belonging to the Queen, in the royal obfervatory at Rich- 
mond. Her Majefty was pleafed to permit me to have the 
drawing taken from it, from which this plate was engraved. 
When Mr. Marfham fir! faw it at Richmond, he confidered it 
as an undefcribed infect, and an unique in this country. But he 
has fince found that it is mentioned by Fabricius, in his Syftema 
Entomologie, as a new genus, under the name of leucolpis 
dorfigera; and there is one of the infects in the cabinet of the 
celebrated Linnzus, now in the pofleffion of J. E. Smith, M. D. 
F.R.S. Sulz, and other writers, have alfo defcribed it. 


It appears at firft fight like a wafp, to which genus the folded 
wings would have given it a place, had not the remarkable {ting, 
or tube, on the back removed it from thence. It is probably a 
fpecies between, and uniting the {phex and wafp, in fome degree 
partaking of the charatters of both. The antenne are black 
and cylindrical, incréafing m thicknefs ‘towards the extremity ; 
the joint neareft the head is yellow, the head is black, the thorax 
is alfo black, and encompaffed round with a yellow line, and fur- 
nifhed with a crofs one of the fame colour, near the head. ‘The 
feutellum is yellow, the abdomen blawk, with two yellow bands, 
and a fpot of the fame colour on each fide between the bands. 
A. deep black polifhed groove extends down the back, from the 
thorax to the anus, into which the fling turns and js depolited, 
leaving the anus very circular; a yellow line runs on each fide 

| | ghee the 
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the fling. ‘The anus and the whole body, when viewed with a 
fhallow magnifier, appear puntiuated; thefe points, when ex- 
amined in the microfcope, appear hexagonal, as in the plate ;_ 
and in the center of each hexagon a {mall hair is to be feen; the 
feet are yellow, the hinder thighs very thick and toothed, and 
alfo form a groove for the next joint; they are yellow, with 
black {pots : it is found in Italy, Switzerland, France, and Ger- 
many. Fig. 1, Plate XVII. fhews it very much magnified, Fig. 
2 is a fide view of it lefs magnified. Fig. 9 is the objeét of it’s 
real fize. 


Or tHE Logster Insect, DELINEATED Fic. 1 Anp 6, 
PLATE XVIIL 


This extraordinary little creature was found by my ingenious 
friend, Mr. John Adams, of Edmonton ; he was at the New Inn, 
Waltham Abbey, where it was {pied by fome labouring men who 
were drinking their porter. The man who firft perceived it 
thought it was of an unufual form; this occafioned a nicer in- 
{pection, and it was fuppofed to be a loufe with unufual long 
horns; others thought it was a mite. This occafioned a debate, 
which drew the attention of my friend, who obtained the infect 
from them for further obfervation. Mr. Martin has given fome 
account of it in the third volume of “ The Young Gentleman 
and Lady’s Philofophy.” Mr. Adams favoured me with the infect, 
that an accurate drawing might betaken from #, which I thought 
would be highly pleafing, not only to the lovers of microfcopic 
obfervations, but alfo to the entomologift. It appears to be 
quite a diftin& fpecies from the phalangium cancroides of 


Linneus, of which a good drawing has been given by Hook, 
4 be Roefel, 
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Roefel, Scheffer, &c. it has alfo been defcribed by saaaali 
Geoffroy, &c.; not one, however, of thefe defcriptions agrees 


- sith the animal under confideration. The abdomen of this is 


more extended, the claws are larger and much more obiufe, 
the body of the other being nearly orbicular, the claws flender, 
and finifhing almoft in a point, more tranfparent, and of a paler 
colour. It is very probable that there are feveral {pecies nearly 
fimilar. Mr. Marfham has two in’ his poffeffion, one like the 
drawings of Reaumur, the other not to be diftinguifhed from that 
which. is reprefented in Plate XVII. except thas it wants the 


‘break, or dent, in the claws, which is fo conf{picuous in this. 


He found his firmly fixed by it’s claws to the thighs of a large fly, 
which he caught on a flower in Effex the firft week in Augult, 
and from which he could not difengage it without great difficulty, 
and tearing off the fly’s leg, which he did on a piece of writing 
paper, and was much furprized to fee the little creature {pring 
forwards full a quarter of an inch, with great impeiuofity, and 
again leize it’s prey, from which he had great seoub ier! to dif- 
engage it, 


Or Fis. 3, 4, AND.5, Pxiate XVIII. 


The infe&t which is reprefented at Fig. 9, Plate XVIII. was 
originally named phyfapus by Mr. de Geer, on account of the 
bladders at the feet. Linneeus terms it trips. 


They live upon plants, and particularly in flowers. The one 
figured here is the black trips, with white wings; the antenne 
have fix articulations, the body is black, the wings whitifh, long 
and hairy, the head fmall, with two large reticular eyes. The 

OG e2 antenne 
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antenne: are of an equal fize throughout, and divided into fix 
oval pieces, which are articulated together. The extremities of 
the feet are furnifhed witha membranaceous and flexible bladder, ~ 
which it can throw out or draw in at pleafure. . It places and 
prefles this bladder againft the fubftances on which it is walking, 
and feems to fix itfelf thereby to them; the bladder fometimes. 
appears concave towards the bottom, the concavity, diminilhing. 
in proportion as it is lefs preffed. 


They have four wings, two upper and two under ones ; thefe- 
laft are with great difficulty perceived; they are fixed to. the up~ 
per part of the breaft, laying horizontally; botli of them are 
rather pointed. towards. the edges,. and have: a: {trong nerve run-~ 
ning round them, which is fet with a. hair fringe, tufted at the 
extremity. The wings are reprefented by themfelves at Fig. 4; 
the infe€&t of the real fize at Fig. 5. They are to be found in: 
great plenty in the fpring and fummer, im the flowers of the 
dandelion, &c. . : 


Or Fic. 2, Prate XVIEL. | 


This beautiful opake obje€&t is a piece of the fkin of the lump: 
fifh. For a full defcription of this fingular creature, -I muft refer- 
the reader to Pennant’s Britifh Zoology, vol. iv. page 117. 
There are no feales on the body, but a greater number of thefe 
tubercles, which are exhibited in this figure. When a good 
| fpecimen is procured, it forms a moft -delightful object for the 
opake microfcope. It is probable that the fith exudes an unctuous 
matter from: thefe tubercles. 

Fig. 
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Fig. 1, Plate XX. is a beautiful infect of the hemiptera clafs, 
er that kind where the elytra are only in. part’ eruftaceous, -and 
which do not form a longitudinal future down the back, but fold 
over about one-third of their length towards the bottom, where 
it is alfo partly tranfparent. It is of the genus cimex, and called 
ftriatus by Linneus. It cannot boaft a variety of colours, though 
what it has are bright and.elegantly difpofed: the head, probofcis, 
and thorax, are black. ‘The thorax is crnamented with. yellow 
{pots, the middle one large, and occupying almoft one-third of 
the pofterior part; the other two are. om each fide, and trix 
angular, The fcutellum has two yellow oblong {pots, pointed at 
each end; the ground of theelytrais a bright yellow, fpotted and 
firiped, with black. The nerves are yellow, and. there is a 
brilliant triangular fpot of orange, which. unites the cruftaceous 
and membranaceous parts; the latter is brown and clouded. The 
feet are of a fine red, and the rings of the abdomen are black, 
edged with white: This pretty infe€t is to be found in June, 
upon the elm-tree. It is reprefented at A of the natural fize. 


ri th xe Fie. sae 


A very common, though elegant, mfeCt of the: cient clals, 
is reprefented as feen in the lucernal microfeope, and of it’s natu- 
ral fize at B; it 1s called by Linnaeus chryfomela afparagi, from 
the larva feeding on the leaves ‘of that plant. It’s figure is oblong, 
the antenne black, compefed offmany joints nearly oval. file: 
head. is a bright but deep. blue, : thorax red.and cylindrical, the 
elytra blue, with a yellow margin, i, with three {pots of the fame 
colour oneach, one at the bale of an oblong form, and two 
united with the margin; the legs are black, but the under fide of 

the: 
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the belly is of the fame blue colour with the elytra and head. 
This little animal, when viewed by the naked eye, {carcely 
appears to delerve any notice; but when examined by the 
microfcope, it is one of the moft pleafing opake objeéts we 
have. 


This infe&t is found in June, on the afparagus after it has run 
to feed. De Geer fays, that it is very {carce in Sweden. 


Fic. 3, PLATE XX, 


The infeé&t which comes at prefent under our infpeétion is 
peculiarly adapted to fhew the advantages of the microfcope, 
which alone will difcover the peculiarities of it’s figure ; this is fo 
remarkable, that the naturalifts appear undetermined as to it’s 
genus. Geoffroy formed a new one for it, under the title of 
notuxus, in which he has been followed by Fabricius ; even Lin- 
nzus himfelf could not determine at firft where to place it, for in 
the Fauna Suecica he makes it an attelabus, but in the laft edition 
of the Syftema Nature he has fixed it as a meloe, calling it the 
meloe monoceros; but ftill he adds, “ genus difficile determinatur 
forte huic proximum.” Both Geoffroy and Scheffer have given 
figures of it, but as they had not that kind of microfcope which 
would affift them, their figures are imperfect. 


The head is black, and appears to be hid, or buried, under 
the thorax, which projects forwards like a horn; the antenne are 
compofed of many articulations, and with the feet are of a dirty 
yellow. The hinder part of the thorax is reddifh, the fore-part 
black. The elytra are yellow, with a black longitudinal Ime 
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down the future; there is a band of the fame colour near the 
apex, and alfo a black point near the bafe; the whole animal is 
curioufly covered with hair. Geoffroy fays it is found on um- 
belliferous plants; the one here deferibed was found in May ; 
the natural fize is feen at C. 


Fig. 1 and 9, Plate XIX. reprefents two of the feet of the 
monoculus apus of Linneus. They are curioufly contrived to- 
affift the animal in {wimming, and form a ela beautiful objec 
for the microfcope. 


Fig. 2 and 4 are of the natural fize. 


= 


Or THE SCALES OF FIsH. 


The outfide coverings, or {cales, of fifhes afford an immenfe 
variety of beautiful objeéts for the microfcope. They are formed 
in the moft admirable manner, and arranged with inconceivable 
beauty and regularity ; fome are of a long fhape, others nearly 
round, fome {quare, varying in fhape, not only in different fpe- 
cies of fifh, but even confiderably on the fame fifh; ‘thofe which 
are taken from one part not being entirely fimilar to thofe which 


are taken from another. 


Leeuwenhoeck fuppofed each {cale to confift of an infinity of 
{cales, laid one over the other, or more fimply of an infinity of 
ftrata, of which thofe next the body of the fifh are the largeft. 


Thefe flrata exhibit a fpecimen of very beautiful workmanthip ; 


when viewed with the microfcope, we find them to be conftructed 
with 
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avith wonderful art. In fome fcales we difcover a prodigious | 
number of concentric flutings, too fine, as well as too near each 
other, to be eafily enumerated ; they are probably formed by the 
edges of each: ftratum, denoting the limits thereof, and the 
different ftages of the growth of the fcale. Thefe flutings are 
often traverfed by others that proceed from the center of the 
{cale, which is feldom in the middle thereof; thefe generally *go 
in a {trait line from this center.to the circumference. 


Fig. 7, Plate X. reprefents a {cale from a fpecies of the parrot 
fifh of the Weft-Indies, eau Gal magnified. Fig. 8, the real 
fize of the f{cale. 


Fig. 9, Plate X. 1s a {cale of the fea perch, which is ae on 
the asl coait. 


Fig. ro, the fame fcale of the natural fize. 


Fig. 7, Plate XIX. a {cale from the haddock, as feen in the 
microfcope. Fig. 8, the fame of the natural fize. 


Fig. 9, Plate XIX. a feale from a fpecies:of perch from the 
Weit-Indies, magnified. Fig. 10, the {cale of it’s real fize. 


Fig. 11, a fcale from the foal-fifh, delineated as it appeared in 
the microfcope; the pointed part is that which ftands without 
the fkin, as may be feen in Fig. 5, which reprefents a piece. of 
the {kin of the foal, as viewed .by the opake microfeope. Fig. 6 
and 12, the fame objeéts of their real fize, | 
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Tue NATURAL History or THE HypRA, OR FRESH-WATER 


POLYPE. 


aL. HE polypes defcribed in this chapter are frefh-water 
 infeéts, of the genus of hydra, in the clafs of worms, and 


order of zoophytes. When they are cut or divided into a num- 


ber of pieces, the feparated parts in a very little time become fo 
many perfect and diftinét animals ; each piece having a. power of 
producing a head, a tail, and the other organs neceflary for it’s 


life and: ftate. 


They are generally known by the name of polype; but as 
this was thought by many to be improper, becaufe that, ftriétly 


‘fpeaking, they have no feet, Linneus called the genus hydra, 


probably from their property of reproducing the parts which are 
cut off, a circumftance that naturally brings to mind the fabulous 


- flory of the Lernean hydra. Dr. Hill called them biota, on ac- 


count of the ftrong principle of life with which every part is 


endued. | asd 


Leeuwenhoeck, whofe indefatigable induftry in his refearches 
after fmall infe&s permitted very few things to efcape his notice, 
3B | difcovered 


ase 
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difcovered thefe animals, and gave fome account of them in the: 
Philofophical Tranfa@tions for the year 1703. There is alfo in 
the fame volume a letter from an anonymous hand on this fubjet. 
We had, however, no regular account of them, their various. 
habits, their different fpecies, or of their wonderful properties, 

till the year 1740, when they firft engaged the attention of Mr.. 
Trembley, to whofe affiduity and obfervations we are indebted: 
for the knowledge of their nature and. ceconomy. | | 


Before ike dioveries of Mr. Trembley, Leibnitz and Boers. 
haave, by refle€tions on the various gradations in the fcale of 
animated:nature, had-endeavoured to prove that there might be 
degrees of life between the animal and the plant, and that animals 
might be found which would propagate by flips, like plants. 
Thefe conje€tures were verified by Mr. Trembley, but not in con-. 
fequence of any preconceived, ideas in favour of fuch a fuppo-. 
fition; on-the contrary,, it was only by, repeated obfervations that. 
he could deftroy his own prejudices, and join. thefe. wonderful: 
beings to the animal kingdom, 


Though natural hiftory is fo fruitful in extraordinary facts, it, 
has hitherto produced none fo fingular as, the various prepertics 
of the different fpecies of the hydra. 


I fhall endeavour, firft, to trace the progrefs of this difcovery, _ 
in which we fhall fee with what. fage caution and accuracy Mr.. 
Trembley, and other naturalifts, examimed_ this wonderful phe-. 
nomenon, and what accumulated evidence was judged necellary, 


to eflablifh the fadls,. 


We 


MrcroscopicaLn Essays. 305 


We find Mr. Trembley writing in’ January, 1741, to Mr. 
Bonnet, that he did not know whether he fhould scall the object 
which then engaged his attention a plant or an animal. “I have 
ftudied it, fays he, ever fince June laft, and have found in it 
{triking characteriftics of both plant and animal. It is a little 
aquatic being. At firft fight every one imagines it to be a plant; 
but if it be a plant, itis femativic and ambulant ; if it be an animal, 
"it may be propagated by flips, or cuttings, like many plants.” It 
was not till the month of March, in the fame year, that he could 
fatisfy himfelf as to their nature. 


When Mr. Reaumur faw, for the firlt time, two’ polypes formed 
from one that he had divided into two parts, he could hardly 
believe his eyes ; and even after having repeated the operation an 
hundred times, and again examined it an hundred more, he fays, 
that the fight was not become familiar to him. 


The firft account the Royal Society received of the furprizing 
properties of this infe€t, was in a letter from M. Buffon (dated the 
18th of July, 1741) to Martin Folkes, Efq. their prefident, ac- 
guainting them with the difcevery of a {mall infeét called a poly- 
pus, which is found flicking about the common duck-weed, and 
which, being cut in two, puts forth from the upper part a tail, 
and from the lower end a head, fo as to become two animals 
inftead of one. If it be cut into three parts, the midd!emoft puts 
out from one end a head, and from the other a tail, fo as to be- 
come three diflinét animals, all living like the firft, and perform- 
ing the various offices of their fpecies : : which obfervations are, 


a das M. Buffon, well averred. 


B 2. There 


(eae) 
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re) 


There is no phenomenon in all natural hiftory more aftonifh- 
ing than this, that man, at pleafure, fhould have a kind of 
creative power, and out of one life make two, each completely 
formed with all it’s apparatus and funétions, each with it’s per- 
ceptions and powers of motion and felf-prefervation, each as 
complete in all refpeéts as that from which it derived it’s exift- 
ence, and equally enjoying the humble gratifications of it’s 
nature.* 


Mr. Folkes, in confirmation of the foregoing article, commu- 
nicated to the fociety a letter from C. Bentink, Efq. at the Hague, 
dated September, defcribing the infe€ts difcovered by Mr. Trem- 
bley, adding, that he himfelf had feen them. In November . 
a letter was read from Dr. Gronovius, of Leyden, giving an 
account of a water infeét, not yet known to or deferibed by any 
author ; after defcribing it, he adds, “ but what is more furprizing, 
if this animal is cut into five or fix pieces, in a few hours 
there will be as many animals, exactly fimilar to their parent.” 
The accounts of this animal were fo extraordinary, that they were 
not credited until Profeflors Albinus and Muflchenbrock were 
provided with animals, and found all that had been related there- 
of to be exatily true. ) 


November 25, a letter from Cambridge was read at the Royal 
Society, in which the author endeavours to leflen, by reafon, the 
prejudices which then combated the belief of thefe facts. “ Some 
of our friends, fays the author, who are firmly attached to the 
general metaphyfical notions they have formerly learned, reafon 

{trongly 


* Goldfmith’s Hiftory of the Earth and Animated Nature. 
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flrongly againft the poffibility of fuch a fa&; but I have mylelf 
owned, on other occafions, my diftruft of the truth, or certainty 
at leaft, of fome of thofe principles, and I {hall make no {cruple of 
- acknowledging, that I have already feen fo many ftrange things 
in nature, that I am become very diffident of all general affer- 
tions, and very cautious in affirming what may or may not 
poflibly be. The moft common operations, both of the animal 
and vegetable world, are all im themfelves aflonifhing, and 
nothing but daily experience and conftant obfervation can make 
us fee, without amazement, an animal bring forth another of the 
fame kind, ora tree bloffom and bear leaves and fruit. 


* The fame obfervation and experience make it alfo familiar to 
us, that befides the firlt way of propagating vegetables from their 
refpective fruit and feed, they are alfo propagated from cuttings, 
and every one knows that a twig of a willow particularly, cut off 
and only ftuck into the ground, does prefently take root and 
grow, and become as real and perfett a tree as the original one 
from which it was taken. Here then we find in the vegetable 
kingdom, quite common, the very thing of which we have an ex- 
ample before us in the animal kingdom, in this new-difeovered 
infe&. The beft philofophers ron long obferved {trong ana- 
logies between thele two clafles of beings; and the more they 
have penetrated into nature, the more they: have extended this 

analogy: now in facha feale, who is the man that will be bold 
to fay, juft_here animal life entirely ends, and here vegetable life 

begins? or, juft fo far, and no farther, one fort We Gnetaiian 

goes; and juft here another fort, quite different, takes it’s place : p 

or again, who will venture to fay, life in every animal is a tl hing 

abfolutely different from that which we dignify by the fame name 

4 . in 
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in every vegetable ?” Thus does the author endeavour to per- 
fuade the prejudiced, and lead them to pay attention to the faéts 
which were now laid open to'their view, and which were further 
confirmed by a letter from Mr. Trembley, in January, 1740; 
which letter was ftrengthened by’an extratt from the. preface to 
the fixth volume of Mr. de Reaumur’s hiftory of infetts. In 
March, 1742, Mr. Folkes gave an account of them to the Royal 
Society, from obfervations made on feveral polypes which had 
been fent by Mr. Trembley from Holland to him. The infeéts 
now began to be known, and were foon found in England, and 
the experiments that had been made.on them abroad were-pub- 
lifhed. by M. Folkes,* my father, + and Mr. Baker: { conviétion 
now became too flrong for argument, and irene Cason 
gave way to facts. 


This animal is defcribed in the following manner : § 


HypbDRa. 


— 


Animal bafi fe affigens, vagum, gelatinofum, use nudum, 
contraftile. Os terminale, cirrhis fetaceis cinétum. Pvdldees 


lateralibus (autumno ovis) deciduis. 


. This animal fixes itfelf by it’s bafe, it is gelatinous, linear 
naked, can contraét. itfelf, and change it’s place. It's mouth, 
which 


* Philofophical Tranfactions. 
+ Micrographia Iiluftrata. 
. { Natural Hiftory of the Polype. | rf 
§ Ellife’s Nat. Hift. of Zoophytes, Lin, Syft. Nat. p. 1320 
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which igatone end; is furrounded by hair, like feelers. It fends 
forth i it’s young ones from it’s fides) which ‘drop off; but in the 
autumn it preeees eggs from it’s fide. — 


r. Hydra viridis: steels fubbdanis brevioribus: 


~ Green polype, ‘generally with’ about ten fhort arms; it is re- 
prefented at Fig. 5, Plate XXI.. 


2, Hydra fufca, tentaculis fuboétonis longiflimis. 

“This: polype has very long arms, often eight in number; it is. 
reprefented at Plate XXI. Fig. 7. The arms are feveral times. 
longer than the body. 

9. Hydra grifea, tentaculis fableptenis longioribus, 

- This.polype has alfo. generally long arms, in number about 
feven.; it 1s of a. yellowifh colour, {mall towards the bottom ; itis 
reprefented at Fig. 6, Plate XXI.. 


4: Hydra pallens,. tentaculis fubfenis mediocribus.. 


The arms of this polype are generally. about fix in Hesnir, 


- and ee a moderate length, ; 


5: Hydra hydatula, tentaculis quaternis obfoletis corpore vefi- 
carlo, Fig. 1, 2, 3 4. Plate XXL. | 


This 
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This polype has a veficular body, and four obfolete arms; is. 
found in the abdomen of theep, {wine, &c. 


6. Hydra flentorea, tentaculis ciliaribus corpore infundibuli- 
form. 3 


This polype has been called tunnel fhaped; the mouth 1s. fur- 
rounded with a row of hairs; it is reprefented at Fig. 27 ang 23, 
Plate XXIL. 


7. Hydra focialis mutica torofla rugofa. 


Bearded thick. and wrinkled, Fig. 11, Plate XXL 


OF THE en VirIbIs, Hypra Fusca, AND HypRA 
GRISEA. 


Thefe three fpecies of the hydra having been thofe on which 
the greateft number of experiments have been made, and of 
which we have the beft information, it is of thefe only we fhall 
{peak in the following account, unlefs we give particular notice 
thereof to the reader, 


There are few animals more difficult to defcribe than the hydra, 
as it has fcarce any thing conftant in it’s form, varying con- 
tinually in it’s figure ; they are often fo befet with young, as to 
appear ramofe and divaricated, the young ones conftituting as it 
were a part of the parent's body. 


/ 


Whoever 
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Whoever has looked with care at the bottom of a wet {hallow 
ditch, when the water is flagnant, and the fun has-been powerful, 
may remember to have feen many little tranfparent lumps, of a 
jelly-like appearance, about the fize of a pea, and flatted on one 
fide ; the fame appearances are alfo often to be feen on the under 
fide of the leaves of thofe weeds, or plants, that grow on the furface 
of the water; thefe are the hydra, gathered up into a quicfcent fate, 
and feemingly inanimate; becaufe either undifturbed, or not ex- 
cited by the calls of appetite to,aétion. They are generally fixed 
by one end to jome folid fubfiance, at the other end there is a 
large opening, round about which the arms are placed as fo 
many rays round a center, which center is the mouth. 


They are flender and pellucid, formed of a kind of tender fub- 
flance, in confiftence fomething like the horns of a fnail, and can 
contract the body into a very fmall compals, or extend it to a 
confiderable length. "They can do the fame with the-arms ; with 
thele they feize minute worms and various kinds of aquatic infects, 
bring them to the mouth and {wallow them. After the food is 
digelted, and the nutritive parts which are employed in fuftaining 
it's life are feparated from the reft, they reject the remainder by 
the mouth. 


The fir polype which Mr. Trembley difcovered was one of 


the hydra viridis, reprefented at. Fig. 5, Plate XXI. Thefe are 
generally of a fine greencolour. The indications of fpontaneous 1 


motion were firft perceived in the arms of thele little creatures; 
they can extend or contract, bend and wind them divers ways. 
Upon the flightefi touch they contraét themfelves fo much, as to 


appear hitle more than a grain, of a green fubftance, the arms 


8 ees difap- 
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difappearing entirely, He foon after found the hydra grifea, Fig; 
6, and faw it eat, fwallow, and digeft worms much ‘larger than 
atfelf.. This difeoyery was foon followed by: that 4 the hydra 
fufca, Fig. 7, Plate XXI. 


The moft setae attitudes of thefe hydre are thofe which are 
reprefented in Fig. 5 and 6, Plate XXI. They fx the pofterior 
extremity J again{t a plant, or other fubftance, as ef; the body 
ab, and the arms ac, being extended in the water. There is a. 
fmall difference in the attitudes of the three kinds.which we are: 
now defcribing. | 


The bodies of the hydra viridis, Fig. 5, and of the hydra: 
prilea, Fig. 6, diminifh from the anterior to: the pofterior ex- 
_tremity by an almoft infenfible gradation: ~The hydra fufca does 
not diminifh iw the fame gradual manner; but from the anterior 
extremity ato the part d, which is often two-thirds of the length 
of their body, it is nearly of an equal-fize ; from this part. it be- 
comes abruptly fmaller, and goes on from thence of a regular 
fize to the end; The number of arms in thefe three kinds are at 
leaft fix, and at moft! twelve or thirteen, though eighteen may 
fometimes be found on the hydra grifea. They can contract their 
bodies till they are not above one-tenth of an inch in length ; 
they can alfo {top at any intermediate degree, either of contrac- 
tion or extenfion, from. the greatef{t to the leaft. The fpecies 
reprefented at Fig. 5 are generallly about half an» inch long 
when ftretched out. Thofé exhibited: at Fig. 6 and 7 are about 
three-fourths of an inch, or one inch, in length, though fome are 
to be found at times about an inch and an half long. The arms. 
of the hydra viridis, Fig. 5, are feldom longer than their bodiesss. 

thofe 
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thofe of Fig. 6 are commonly one inch long, while thofe of F 1g. 
7 are generally about eight inches; whence Mr. Trembley has 
called it the long-armed polype. 


The bulk of the hydra decreafes in proportion as they extend 
themfelves, and vice verla. “They may be made to contraé& them- 
felves, either by touching them, or agitating the water in which 
they are contained. ‘They all contract themfelves fo much when 
taken out of the water, as to appear only like a little lump of 
jelly. They can contract or extend their arms without extending 
or contracting the body, or the body without making any altera- 
tion in the arms: or they can contraét or dilate only fome of the 
arms, independent of the refi; they can alfo bend their body and 
arms in all poflible dire€tions. ‘Thofe reprefented at Fig. 7, let 
their arms in general hang down, making different turns and re- 
turns, often directing fome of them back again to the top of the 


“water. They can alfo dilate the body at different places, fome- 


times at one part, and then again at another; fometimes they are 
thick fet with folds, which 1, Wf carelefsly viewed, might be taken 


for rin gs. 


They have a progreflive motion, which is performed by that 
power by which they ftretch out, contract, and turn themfelves 
every way. For fuppoie the hydra, or polype, a4, Fig. 16, 


Plate XXL. to be fixed by the tail 4, having the body and arms a 


extended in the water, in order to advance, it draws itfelf toge- 
ther, by bending itfelf fo as to bring the head and arms. down to 


the fubftance on which it 1s.to move; to do this, it fixes the 


head, or the arms, as in ig..17; when thefe are well fixed, it 
loofens the tail, and draws it towards the head, as in Fig. 18, 
os. 2 which 
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which it again loofens, and refling on the tail, flretches it out, as 
in, Fig. 19. It is eafy to fee From: this account, that their manner 
of walking is very analogous to that of various terrefirial and 
aquatic animals. They walk very flow, often ftopping in the 
“middle of a ftep, turning and winding their body and arms every 
way. Their ftep is fometimes very fingular, as in the following 
inftance: fuppofe the polype a, Fig. 20, to be fixed by the tail 
b, the body and arms being extended im the water, it firft bends 
the fore-part towards the fubftance on which it is moving, and 
fixes it thereto as at a, Fig. 21; it then loofens the lower end, 
and raifes it up perpendicular,:as in Fig. 22; now bending the 
body to the other fide, it fixes the tail as in Fig. 29; then loofen- 
ing the anterior end, it rifes up, as in Fig. 24. 

They defeend at pleafure to the bottom of the water, and 
afcend again, either by the fides, or upon fome aquatic plants ; 
they often hang from the furface of the water, refling as it were 
upon the tail; at other times they are fufpended by one arm from 
it. They walk alfo with eafe upon the furface of the water. If 
the extremity of the tail J, Fig. 7, be examined with a mag- 
nifying glafs, a {mall part of it will be found to be dry, and above 
the furface of the water, and as it were in @ little concave {pace, 
of which the tail forms the bottom, fo that it feems to be fufpend- 
ed on the furface of the water, on the fame primerple that a {mall 
pin, or needle, is made tofwim. - 


Hence when a polype means to pafs from the fides of the glafs 
to the furface of the water, it has only to put that part out of the 
water by which it means to be fupported, and give it time to dry, 


_ which it elways does upon thefe occafions, They attach them- 


4 : | {elves 
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felves fo firmly by the tail to aquatic plants, flones, Ke. as not to 
be eafily driven from the place where they have fixed themfelves ; 
they often further f{trengthen thefe attachments, by means of one 
or two of their arms, which they. throw out and fix to adjacent 
fubftances as fo many anchors, 


The mouth of the polype, or hydra, is fituated at the fore-part 
of the body, in the middle between the fhooting forth of the 
arms. The mouth aflumes different appearances, according to 
the different purpofes of the infeét; fometimes it 1s lengthened 
out, and forms a little conical nipple, as at Fig. 13, Plate 
XXIII. A; fometimes it appears truncated, as at Fig. 8, Plate 
X XI; at other times the interval between the arms appears clofed, 
as at Fig. 2 and 12, Plate XXII.A; or hollow, as at Fie 
Plate XXII. A. If it is obferved with a deep magnifier, in 
either of the two laft cafes, a fmall aperture may be difcovered. 


The mouth of the polype opens into the ftomach, which is a 
kind of bag, or gut, that goes from head to tail; this may be 
perceived by the naked eye, when they are expofed to a itrong 
light, or a candle placed on the oppofite fide to the eye; for the 
colour of the polype does not deftroy the tranf{parency thereot. 
The ftomach will, however, be better feen,, if the eye be affifted 
by a deep magnifier; one of them is reprefented as highly mag- - 
nified, at Fig. 8, Plate XXI. To be fully fatisfied whether they 
were perforated throughout, Mr. Trembley cut one tran{veriely 
into three parts; each piece immediately contracted itfelf, and 


_ became very fhort, and being placed ima fhallow elafs full of water, 


and viewed through the microfcope, they were found to be vifibly 
perforated. They are fepacleniss as they appear in the micro- 
{cope; 


406 MicROSCOPICAL Essays. 


fcope, at Fig. 6, 7, 8, Plate XXIII.A; it’s mouth was at the 
anterior end a, Fig. 8, of one of thefe parts. The tail was at 
_the end 4 of the third part, Fig.6; as this piece was alfo per- 
_forated, it plainly appears, that the: tail of the hydra is open, 
‘The perforation, which is thus continued from one end to the 
other, 1s called the {Lomach, becaufe it contains and digelts the 
aliments. The {kin which inclofes. the bag, and forms the 
ftomach, is the fin of the polype itfelf; fo that the animal may 
be faid to confift of but one {kin, difpofed in the form of a tube, 
or gut, open at both ends. On opening the polype, no veflels. 
are to be diftinguifhed; and whatever be the nature of it’s orga- 
nization, it muft refide in the fkin. . 


The {kin muft be fo far organized, as to perform all the opera- 
tions neceflary for the nutrition and growth of the animal, with- 
out confidering thofe that are neceffary for it’s various motions. 
Whatever are the means the Author of nature has employed for 
thele purpofes, we are ignorant of them. If thei fkin is examined 
by a microfcope, it appears like fhagreen, or as if it were cover- 
ed with ttle grains; thele are more or lefs feparated from each 
other, according to the degree in which the body is extended or 
contracied. 

: : — 

If the lips of a polype be cut tranfverfely, and placed fo. that 
the cut part.of the fkin may lie dire€tly before the micro{cope, 
the {kin throughout it’s whole thicknefs will be found to confilt of 
an infinite number of thefe grains. ‘To know whether the infide 
of the ftomach was formed of fimilar grains, feveral of them 
have been laid open and examined by the microfcope’; the inte- 
rior furface was then found to confift of an immenfe number of 

| 3 } | them, 
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them, being as it were more thagreened than the exterior one, 


‘and lefs. tran{parent. The grains are not flrongly united to each 
‘other, but may be feparated without much trouble. Fig. 10, 


Plate XXIII. A, reprefents a piece of {kin thus laid open. To 


‘examine thefe particulars further, a piece of {kin a, Fig. 9, was 


laid in a few drops of water, on a piece of glafs, before the mi- 


-erofeope, and fome of the grains were feparated from it, as at b 


¢ d, by preffing them with the poit of a pin; in endeavouring 
to open them, they fpread themfelves into all parts of the water,, . 
and at laft remainedin heaps, as at e and f. 


Ifa polype is carefully placed before the microfeope, without 
wounding it, you will feldom be difappointed in feeing fome of 
thefe grains detach themfelves. from the ippptieics thereof, and: 
that even in the moft healthy. 


But if the grains feparate themfelves in: ]arge-quantities, it is the 
fymptom of a very dangerous diforder ; the furface of the polype 
thus attached becomes more and more irregular, and is no longer 
well terminated and defined as before. ‘The grains fall off on all 
fides, the body and arms contra& and dilate, it becomes of a 
white fhining colour, lofes it’s form as at a, Fig. 4, Plate XXIL. 
A, and then diffolving into a heap of grains, as at b, Fig. 5. 
The progrefs of this diforder 1s molt eafily obferved in the hydra. 


A very attentive and accurate examination fhews that the {kin 
is formed of a kind of glarous fubftance, a {pecies. of gum, which 
fills up the intervals between the grains, in. which they are 
lodged, and by which they are attached (though weakly) together. 


aa. 
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It has been already oblerved, that itis to thefe grains that it owes 
it's thagreen-like appearance ; it is from them alfo that it derives 
it’s colour; for when they are feparated from the polype, | they 
are the fame colour with it ; whereas the glarous matter is without 
any diftinguiihing colour. The conftruétion of the polype feems 
thento be confined to thele glandular grains, to. the vifcous mat- 
ter, ahd the invifible tibres which act upon the glarous fubftance. 


The ftructure of the arms of the polypes are very ana! ogaus to 
that of their body. When they are examined by the microfcope, 
either in a contraéted of dilated ftate, their furface is {hagreened ; 
if the arm be much contraéted, it appears more fo than the body ; 
on the contrary, it appears lefs fo in proportion as they are more 
extended, almoft quite fmooth. when at their full, extenfion; fo 
that in the hydra. viridis the appearance of the arms is continually 
varying, and thelfe variations are more fenfible towards the ex- 
tremity of the arm than at: it’s origin, as at| Fig. 10, Plate XXI. 
. but more thinly fcattered, or farther afunder, in the parts further 
on, as at Fig. 9, Plate XXI. ‘The extremity is often terminated 
by a knob, the hairs which are exhibited in Fig. g, cannot be | 
feen without a very deep magnifier, however they indicate a fur- 
ther degree of organization in this little animal. 


All animals of this kind have a remarkable attachment to turn 
towards the light, and this might naturally induce the inquirer to — 
look for their eyes ; but how carefully foever this fearch has been 
purfued, and however excellent the microfcope with which every 
part has been examined, yet no appearance of this organ was 
found. Notwithflanding this, they conftantly turn themfelves 
towards the light; fo that if that :part of the glals in-which we 
placed 
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placed them be turned from it, they will be found the next day 
to have removed themfelves to the fide that 1s next the light, and 
the dark fide will be quite depopulated. 


Or rHe Foop or THE HyprR&, AND THEIR METHOD OF 
SEIZING AND SWALLOWING THEIR PREy. 


As the hydra fufca, Fig. 7, Pl. XXI. has the longeft arms, it’s 
manner of feeding, and the different manceuvres it makes ufe of to 
{eize and manage it’s prey, are more remarkable than thofe of the 
two other {pecies ; it will be, therefore, this kind only which will be 
principally fpoken of under the prefent head. To view them 
properly, they fhould be placed in a glafs feven or eight inches 
deep. If the polype is fixed near the top of the glafs, their arms 
for the molt part hang down towards the bottom. This isa very 
convenient fituation for giving them their food, and to obferve 
how they manage it. 


_ An hungry polype fpreads it’s arms as-a fitherman his nets ; 
it extends them every way, fo that they form a circle of nana 


"able extent, every part of which is entirely within the reach of 


one of them ; in this expanded pofture it lies in expectation of 
it's food; i ae comes within the verge of this circle is feized 


by one or another of it’s arms. The arms are then contra@ted till : 


the prey is brought to the mouth, when it is foon devoured. 
While the arms are contra€ting, and: exerted vigoroully, (to 
counteraé the efforts the animal which it has feized makes in 
order to efcape) they may be obferved to fwell like the mufcles of 
the human body when they are in a flate of exertion, 
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The polype does not always wait for it’s prey, it feels for it, 
and ina manner follows it. It may be afked, how can it do this 
when it has no eyes? or, do-the glandular grains anfwer this 
purpofe? Who can anfwer the queftion P what are our own eyes 
but glandular grains of a larger fizeP If this {hould be the cafe, 
our hydra would again exceed and realize the fables of the an- 
cients, being an argus entirely compofed of eyes. Be this as it 
may, they are certainly in pofleffion of fome fentiment by which 
they can perceive the approach of their prey, and which renders. 
them attentive to all that may confirm or deftroy this perception. 


When the arms of a polype are extended, put a millepedes, or 
any kind of worm, into a glafs, (fee Fig. 1, Pl. XXIV. A) and with 
the point of a pencil pufh it towards one of the arms; as foon as. 
it touches this it is feized ; the worm, or millepedes, endeavours 
by quick and {trong efforts to difengage itfelf, often {wimming and 
dragging the arm from one fide of the glafs to the other. This. 
violent motion of the prey obliges the polype to contract ftrongly 
the arm, in doing which it often twifts it in the form of a cork- 
{crew, as at 0 i, by which means it fhortens it more rapidly; the 
{iruggles of the devoted animal foon bring it in contaé with ano. 
ther arm, thefe contracting further, the little creature is prefently 
engaged with all the arms, which contraét fo much as to convey 
it to the mouth, againft which it is held and fubdued. 


« When a polype has nothing to eat, it’s mouth is generally 
open, but fo fmall that it can fearce be perceived without the 
affiftance of a magnifying glafs; but as foon as the arms have 
conveyed the prey to the mouth, it opens itfelf wider, and this in 
proportion to the fize of the animal that is to be devoured; the 


Microscopican Essays, Atl 


lips gradually dilate, and adjuft themfelves accurately to the figure 
of the prey. The greateft part of the animals on which the 
polype feeds, are to it’s mouth what an apple, the fize of our 
heads, would be to the mouth of a man. 


The worms, &c. which are feized by the polype are not always 
brought to the mouth in the fame fituation; if they are prefented 
to it by one of their extremities, it is not requilite that the polype 
fhould open its mouth confiderably, and in effect it only opens 
it fo wide, as precifely to give entrance to the worm, Fig. 5, 
Plate XXIV. A. If it be not too long for the ftomach, it remains 
there extended ; but if it be longer, the end which firft enters is 
bent, fothat when the worm is entirely fwallowed, it may be feen 
lying folded in the ftomach, Fig. 12, Plate XXIV. B. 


If the middle, or any other part of the worm, be prefented to 
the mouth of the polype, it feizes this part with the lips, extend- 
ing them on both fides, and applying them againft the worm, fo 
that the mouth affumes the form of a boat, pointed at each end, 


_ Fig. 2, Plate XXIV. A; the polype gradually cloles the two 


points of it’s boat-like lips, and by. this motion and fuction 
fwallows the worm, Fig. 4, Plate XXIV.A. 


A wormis killed fo feon by a polype, that Mr. Fontana thinks 
they muft contain the moft-a@ive and powertul venom ; for it’s 
lips fearce touch the worm but it expires, fo great is the energy 
of the poifon it conveys into it, though no wound can be obferved 
in the dead animal. 


3D 2 i As 
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As foon as the ftomach is filled, it’s capacity is enlarged, the 
body is fhortened, Fig. 6, Plate XXIV. A, the arms are for the 
moft part contraéted, the polype hangs down without motion, 
and appears to be in a kind of flupor, and very different from it’s 
extended fhape ; but in proportion as the food is digefted, and it 
has voided the excrementiticus parts, the body lengthens, and 
gradually recovers it’s form. 


The tranfparency of the polype permits us to fee diftinétly the 

worm which has been {wallowed, Fig.'12, Plate XXIV.B, which 
gradually lofes it’s form. It is at firft macerated in the ftomach 
-of the polype, and when the nutritious juices are feparated from 
it, the remainder is difcharged by the mouth, Fig.19. Itis with 
thefe as with other voracious animals, as they eat a great deal at 
once, fo alfo they can faft for along time. The hiltory of infeéts 
furnifhes many examples of this kind. 


One circumftance is obfervable, which probably contributes 
much to the digeftion of their food, namely, that the aliments are 
continually pufhed back from one extremity to the other of the 
ftomach ; this motion may be eafily obferved with a microfcope, 
ina see which is not too full, and in which the food has been 
already divided into little fragments. For thefe obfervations, it is 
beft to feed the polype viel fuch food as will give a lively- 
coloured juice; as for example, thofe worms whofe inteftines are 
filled with red fubftances: for by this means we fhall fee that 
the nutritious juices are conveyed not only to the extremity of 
the body, but alfo into the arms, from whence it is probable that 
each of the arms form alfoa kind of gut, which communicates 
with that of the body. Some bits of a {mall black fnail, that 1s 

frequently 
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frequently to be found in our ditches, was-given to a polype. 


The fubftance of this {kin was foon reduced into a pulp, confill-. 


ing of little black fragments; on examining the polype with the 
microfcope, thefe particles were perceived to be driven about the 
{tomach, and to pafs from head to tail, and into their arms, even 


where thefe were as fine as athread; they were afterwards forced 


into the ftomach, and from thence to the tail, from whence they 
were again driven into the arms, and {fo on. 


“The grains take their tinge from the food which nourifhes the 
polypes; thefe grains become red or black, if the polype be fed 


~ with juices that are either red or black; and they are more or lefs 


tinged with thefe different colours, in proportion to the ftrength 


and quantity of the nutritive juices. It is alfo obfervable, that - 


they lofe their colour if fed with aliments that are not of the fame 
colour with themfelves. 


The polypes feed on the greater part of thofe infeéts that are to 
be found in frefh water. They may be nourifhed with worms, the 
larva of gnats, &c. they will allo eat larger animals if they are 
cut into {mall pieces, as {nails, large aquatic infects, {mall fifh, 
butchers meat, &c. Sometimes two polypes feize the fame 
worm, and each begins to fwallow it’s own end, con tinuing fo to 
do till their mouths meet, Fi ig. 8, Plate XXiV. A; inthis potion 
they remain for fome time, at laft the worm breaks, and each ha 
it’s fhare; fometimes the combat does not end here, for th 
continuing to difpute the prize, one of the polypes opens it’s 
mouth advantageoully, and fwallows the other with it’s portion of 
the worm, fee Fig. 14, Plate XXIV. A; this combat ends more 
mene ok for the devoured polype than might be at firlt ex- 

| petted, 


y 
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pected, for the other often gets the prey out of it’s ftomach, - but 
lets it out again found and fafe, after having imprifoned it above 
an hour. From hence we learn, that:the ftomach. of the polype, 
which {fo foon diflolves the animal fubftances which are conveyed: 
into it, isnot capable of digefting that of another polype. 


_ Fig. 5, Plate XXIV. A, reprefents.a polype with one-half of a 
millipedes in it’s mouth, as ata ;.the other part without as.at mv 
Fig. 1, Plate XXIV. A, reprefents one fufpended in water by a 
plece of packthread ; -cn, a millipedes feized by it, and drawn 
partly towards the mouth; io the bendings im the arm; p an 
arm in fearch of a {mall. aquatic infeét. F ig. 2, Plate XXIV. A, a 
polype ftretching itfelf into a boat-like-form; to. take or f wallow: 
a worm lying fideways. Fig. 4, Plate XXIV.A, the fame polype, 
with the worm fwallowed and bent. within it. Fig. 6, the fame 
plate is a polype in the fituation they generally afflume when they, - 
have fatisfied their voracious appetite. Fig. 7, one that has {wal]- 
lowed a {mall monoculus. a, Fig. g, one whofe arms are loaded 
with monoculi. Fig. 10, a polype full of them from head to tail, 
Fig. g, one that has only fwallowed afew of them, 


In this paragraph I {hall {peak of fome of the figures contained 
in Plate XXIV. B. Fig, 12, a worm feen within the fkin of a 
polype. Fig. 13, difgorging the excrementitious parts thereof. 
Fig. 11 reprefents one engaged witha very large worm. 3 


Fig. 8, Plate XXIV. <A, reprefents two polypes engaged in 
combat for a worm, of which both of them. have fwallowed a 


part, 


Fig. 
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Fig. 12, Plate XXI. a polype that has fwallowed a fmall fith, 
and taken ‘the fhape thereof, 


Or THe GENERATION or THE Hypre, 


As the hydra fufca and the hydra grifea are confiderably larger 
than the hydra viridis, it is more eafy to obferve the manner of 
their producing their young. It is upon thetfe, therefore, that 
mott of the obfervations here recited have been made. If one of 
them be examined in fummer, when the animals are moft ative 
and more particularly prepared for propagation, it will be found 
to burgeon forth from it’s fides feveral little tubercles, or knobs, 
which grow larger and larger every day ; after two or three days 
infpeGtion, what at firll appeared but a fmall excrefcence, takes 
the figure of a {mall animal, entirely refembling it’s parent. 


~ When a young polype: firft begins to fhoot, the excrefcence 
terminates in a point as ate, Fig. 24, Plate XXIV. B, fo that it 
is rather of a conical figure, and of a deeper colour than that of 
the body. This cone foon becomes truncated, and in a little 
time appears cylindrical. ‘The arms then begin to fhoot from the 
anterior end ci, Fig. 34, Plate XXIV.B. The tail’ adheres to 
the body of the parent, but grows gradually fmaller, till at laft it 
only adheres by a point b, Fig, 23, Plate XXIV. B; it is then 
ready to be feparated ; for this purpole the mother and young 
ones fix themfelves to the glafs, or other fubftance upon which - 
they may be fituated.. They have then only to give a fudden 
jerk, and they are divided from each other. There are fome 
trifling differences to be obferved now and then in their perform- 


ing this operation, which it would be too tedious to enumerate 
. here, 
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here. A polype, ab, Fig. 20, with a young one, c d, places 
it’s body in an arch of a circle a db, againit the fides of the glafs, 
the young one being fixed at the top d of the arch, with it’s head 
alfo fixed againft the glafs; fo that the mother, by contra€ting the 
body, and thus becoming flrait, loofens herfelf from the young 


- One, 


The young ones fhoot in proportion to the warmth of the wea- 
ther, and the nature of the food eatenby the mother ; fome have 
been obferved to be perfeétly formed in twenty-four hours, while 
others have required fifteen days for the fame purpofe; the firft 
were produced in the midft of fummer, the latter in a cold. 
feafon. 


The tail of the young polype communicates with and partakes 
of the food fromthe parent inthe fame manner as it’s own arms do, 
and the food lies in the fame manner as inthe arms, When this 
fcetus is furnifhed with arms, it catches it’s prey, {wallows, digefts, 
and diftributes the juices thereof, even to the parent body ; every 
good is common to each. Here then we have evident commu- 
nication between the foetus and the mother; this communication 
was further proved by the following experiment. A large polype 
(one of the hydra fufca) was placed on a {lip of paper, ina little 
water; the middle of the body of the young one was cut, and 
the fuperior part of that end which remained fixed to the parent 
was found tobe open. The parent polype was then cut on each 
fide of the fhoot.. Thus a fhort cylinder was obtained, which was 
open atbothends: This being viewed through a microfcope, the 
light was feen to come through the fide flip, or young one, into 
the ftomach of the old one. For further conviction, the cylindri- 

cal 
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cal portion was cut lengthways; on obferving thefe parts, not 
only the hole t of communication, Fig. 17, Plate XXIV. B, was 
diftinGly feen, but one might fee through the end o of the young 
one. On changing the fituation of thefe two pieces of prepared 
polypi, and looking through the opening e, Fi Ig. 18, the day- 


light was feen through the hole of communication i. 


This communication between the parent polype and it’s young 
ones may be feen on feeding them; for after the parent, 
ab, Fig. 22, Plate XXIV. B, has eaten, the body of the young 
ones {well, being filled with the aliments asif they themfelves had 
been eating. In the hydra fufca the young ones do not proceed 
from the tail part bc, Fig. 16, Plate XXIII. B, but only from the 
part ac, with this exception, there 1s no particular part of the 
body before the reft, on which they produce their young, Some 
of them have been fo clofely obferved, and have fo greatly mul- 
tiplied, that there would be {carce any impropriety in faying they 
produced their young ones from all the exterior parts of the 


body. A polype puts forth often five or fix young ones at the 


fame time. Mr, Trembley has had fome that have produced nine 
or ten at the fame time, and when one dropped off another came 
in it’s place. 


Though Mr, Trembley had for two years thoufands of them 
under his ‘eye, and confidered them with the moft {crupulous at- 
tention, he never obferved any thing like copulation. To be 
more certain on this head, he took two young ones the inftant 
they came from their parent, and placed them in feparate glafles ; 
they both multiplied, not only themfelves, but their offspring, 
which were feparated and watched in the fame manner to the 

ok | feventh. 
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feventh generation; nay, they have even the faculty of multiply=. 
ing while they adhere to the parent. The arms of the youn 
ones do not fprout till the body has attained fome length. 


o 
or 


Several excrefcencies, or buds, often appear at the fame time- 
on a polype, which are fo many polypes growing from one trunk;: 
whilft thefe are developing, they alfo. bud, which buds again put. 
forth little ones, the parent and the young ones forming a fingular. 
kind of animal fociety, in which all participate of the fame lifey. 
and the fame wants. In this ftate- the parent appears like a {hrub» 
thick fet with branches. Several generations. are often thus: 
attached to one another, and all to the parent polype; after a. 
time, this tree of polypes, or hydre,.is decompofed, and gives. 
birth to new generations, or frefh genealogical trees. Here we- 
fee a furprizing chain of exiftence continued, and numbers of, 
animals naturally produced, without any union of fexes.. } 

From Fig. 16, Plate XXUIL B, the reader-may form an idea of 
the promptitude with which. thefe creatures increafe and multiply ;- 
the whole group formed by the parent and it’s young was about: 
an inch and an halflong, and one neh broad; the arms of the- 
mother and her nineteen little ones. hanging down towards the 
bottom of the veflel; the animal would eat about twelve mono-. 
culi per day, and the little ones about twenty among S sciul or: 
rather more than thirty for the groupe.. 


Or THE RE-PRODUCTION. OF. POLYPES: 
A polype cut tranfverfely, or longitudinally, in two or three: 


parts, is not deftroyed, each part in a little time becomes a, 
A. perfeQ: 
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perfe&t polype. This fpecies of fecundity is fo great in thefe ani- 
mals, that even a {mall portion of their {kin will become a little 
polype, a new animal rifing as it were from the ruins of the old, 
each {mall fragment yielding a polype. If the young ones are 


mutilated while they grow upon the parent, the mutilated parts 


are re-produced ; the fame changes fucceed alfo in the parent. 
A truncated portion will put forth young before it is perfectly 
formed itfelf, or has acquired w’s new head and tail; fome- 
times the head of the young one fupplies the place of that which 
would grow eut of the anterior part of the trunk. 


Ifa polype is flit, beginning at the head, and proceeding to the 
middle of the body, a polype will be formed with two heads, and, 
will eat at the fame time with both. E the polype is flit mto fix 
or feven parts, it becomes a hydra, with fix or feven heads. If 
thefe are again divided, we fhall have one with fourteen ; cut off 
thefe, and as many new ones will {pring up in their place, and 
the heads thus cut off will become new polypes, of which fo 
many new hydras may again be formed: {o that in every refpect 


itexceeds the fabuleus relation of the Lernean hydra. 


As if the wonders already related of the polype were not ful 
ficient to engage our attention to thefe fingular animals, new 
circumftances, as furprizing as the foregoing, prefent themfelves 
to convince us of the imperfection of our ideas of animality, and 
of the greatne{s of the power of our Lord and Saviour, who 1s 
the fource and origin of every degree of life, in all it’s immente 
gradations, as unity is the origin of number, im all it’s varied 
feries, multiplied proportions and combinations ; now as numbers 
may be confidered as being recipient ef unity, in order to make 

“gE @ 4 | manifeft 
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manifelt the wonderful powers thereof, fo the univerfe and it’s 
parts are adapted to receive life from the fource of all life, and 
thus become reprefentatives of his immenfity and eternity.. 


The polypes may be as it were grafted together. If the trun- 
cated portions of a polype are placed end to end, and then 
puthed together with a gentle force, they will unite, and form, 
a fingle one. The union is at firfl made by a fine thread, 
and the portions are diftinguifhed by a narrow neck, which 
gradually fills up and difappears, the. food. pafling from one~ 
portion to another. Portions, not only of the fame, but. 
pieces of different polypes, may be thus united together. You: 
may fix the head of one polype to the trunk of another. And: 
that which is thus. produced. will grow, eat, and multiply like: 
another.. | : | 


There is ftill another method’ of uniting thefe animals together. 
more wonderful in it’s nature,-and lefs analogous to any knowm 
principles of animation, and more difficult to perform. It 1S: 
effeGted by introducing one within the other, forcing. the body: 
of one into the mouth of the other, and pufhing it down fo that 
their heads may be brought together ; in this ftate it muft be: 
kept for fornme'time; the two individuals are at laft united, and 
grafted into- each other; and-the polype, which was at firft dou-. 
ble, is converted into one, with a large quantity of arms, and: 
performs all it’s fanétions, like another. f 


The hydra fufca farnifhes us with another prodigy, to which — 
we know nothing that 1s fimilar, either in the animal or vegetable 


kingdom, They may be turned infide out like a glove, and 
| notwith-. 
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notwithftanding the apparent improbability of the circumftance, 
they live and. act as before. The lining, or coating, of the 
fiomach now forms the epidermis, and the former epidermis now 
conftitutes the coating of the flomach. A polype thus turned 
may often have young ones attached to it’s fide. If this. is the 
eafe, after the operation. they are of courfe inclofed in.the ftomach. 
Thofe which have acquired a. certain: fize extend themfelves to- 
wards the mouth, that they may get out when feparated from the 
body ; thofe which are but little grown turn themfelves infide-out,. 
and. by this means place themfelves again. on. the outfide of the 


parent polype.. 


The polype thus turned, combines itfelf a thoufand different 
ways.. The fore-part often clofes. itfelf, and becomes a fuper- 
numerary tail. The polype which was at firlt ftrait, now bends 
itfelf, fo that the two tails refemble the legs of a pair of compaliles,, 
which it can open:and fhut. The old mouth is at the joint as it 
were of the compafles.; 1t cannot, however, att as one, fo that a 
new one is formed near it, and. in a little time you. have. a new 
{pecies of hydra. with feveral mouths.. 


Fig. 18, Plate XXII. B, reprefents the wpper part of a polype’ 
that has been. divided into. two parts, a the upper, c the lower 
part, the end c being fomething larger than that of a common 
polype, and is fenfibly perforated ; in the fummer time this part 
often walks and. eats the fame day it is cut. | 


Fig. 17, the other\part of the fame polype; the anterior 
end is very open, and the edges of it turned a little outwards, 
which afterwards folding inwards, clofe the aperture. ‘This end 

now. 
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‘ mow appears fwelled, as .at c, Fig. 21; the arms fhoot‘out from 
this end; at firft three-or four points only begin to fhoot, as at c, 
Fig. 20, and while thefe increafe in fize, others appear between 
them ; they-can feize their prey, and eat ‘before theirarms have 
done growing. In the- height of fummer, the arms will often 
begin to {hoot in twenty-four hours; but in cold weather it will 
be fifteen or twenty days before the head is formed. 


Fig. 22 reprefents’a polype that was ‘cut clofe under the arms ; 
this became alfo.a complete animal in.a little time. 


The fides of a polype, that has been cut longitudinally, roll 
themfelves up in different ways, generally beginning at one.of the 
extremities, rolling atfelf up in @ ‘heap, as at Fig. 19, Plate . 
XXII. B, with the outfide of the fkin mwards; it foon unrolls it- 
felf, and the-cut fides form themfelves into.a tube, whereof the edges 
ab and ei, Fig. 15, on both fides, meet each other and unite. 
Sometimes they begin to join at the tail end, at other times the 
whole fides gradually approach each other. The fides join fo 
clofe, that from the firft moment of their junction no fear can be 
difcevered, 

Fig. 14, Plate XXIII.B, reprefents a polype partly joined, as 
at ib, the part cae not yet clofed. 

Fig. 29, Plate XXII. B, reprefents a polype, the heads of 
Bech have been repeatedly divided, by which means it becomes 
literally a hydra. | 


4 


Fig. 24 
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Fig. 24 i rapa: a polype that had been turned, endeavouring 
to turn itfelf back again, the fkin of the anterior part lying back 
upon the other; the arms varying in their dire€tion, being fome- 
times turned towards the head, fee Fig, 24 and 26, Plate XXIIT.. 
B, at others towards the tail. The anterior extremity c, formed 
by the edges of the reverfed part a, remained open for fome 
days, and then began to clofe, new arms {hot out near the old 
enes, and feveral mouths.were formed at thofe parts where the 
arms joined the body. 


Fig. 29, 25, 27, 28, reprefent the different changes that took. 
place in another polype that had been turned infide out, and the 
different revolutions. it went through before it acquired a. fixed: 
fate. ac always fhews the part the polype had.turned back, and. 
ab the part it could: not turn back.. 


A polype, which has been partly turned back, remains. but a: 
little time in that fituation, a, Fig. 28, Plate XXIII. B, the 3 
part where the portion it had turned back jomed to the body a b ; 
this became {trait, and formed.a right angle with ab; the fame 
day another head appeared at e, dad feveral.arms, a o an, began 
to fhoot from the mouth a; at the other fide of this mouth there: 
were the old arms ad. The next day the portion ac was drawn 
near the body, and formed:an acute angle with it, as at Fig. 25. 
Fig. 27 ali sagas the fame fwelled, ae having {wall owed a. 
worm. Four days afterwards it’s form had. varied confiderably, 
as may be feen by comparing Fig. 25 and 28, having now one 
<9mmon mouth and two fmall polypes growing on it. 


We 
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We may now be permitted to make a few reflections on this 
fingular animal. On confidering the various properties that have 
been already defcribed, we {hall find in them many particulars, - 
that are very analogous to others that are continually carrying on 
around us; we perceive that there is a fucceflive unfolding of new 
parts. In every organized frame there is a continual effort to 
extend it’s fphere of a€tion, and enlarge the operation of that 
portion of life which is communicated to it. This gradual evolu- 
tion requires a fecret and curious mechanifm to regulate and 
modify by re-aétion the continued conatus of the forming prin- 
ciple within it. The polype is an organized whole, of which 
each part, each molecule, each atom, tends to produce another ; 
it is, 1f we may fo {peak, one entire ovary, a compound of germ, 
or feed. In cutting a polype to pieces, the nouri{hing juices, which 
would have been employed in fupporting the whole, are made 
to aét upon each portion, 


When a polype is divided longitudinally, it forms two half 
tubes; the oppofite edges of thefe approach, and in a very {hort 
time form a perfect tube. The fides are made to touch each 
other by certain motions and contraétions of the piece; but as 
foon .as the edges come in contaét, a {light adhefion takes place, 
the correfponding veflels unite, and new ones are unfolded, as in 
a vegetable graft; by this means, the points of conneétion and 
cohefion are multiplied, the motion of the fluids are re-eftablithed, 
and with them the vital ccconomy. This is performed with more 
rapidity than in vegetables, becaufe the polype is nearly gelati- 
nous, and it's parts are extremely duétile; this du@ility is fup- 
ported and preferved by the element which it inhabits, The fame 

| - reafoning 
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rveafoning applies equally to explain: the formation of fo many 
heads to a polype, as conftitute it a real hydra. 


A new polype is formed out of {mall portions, or fragments, 
in a very different manner, the operations in nature being always 
varied, according as the circumftances differ; each fragment is 
puffed up, the fkin feparated, and an empty fpace is formed 
within it ; this part is to become the ftomach of the rifing polypes 
which foon fends forth arms, and is formed to the perfection 
proper to it’s kind. We learn from this inftance, that the fkin of 
the polype is not fo fimple as was at firft imagined; for we find 
it dividing itfelf into two membranes, and forming thereby a 
cavity fit to perform all the functions of a ftomach; but why 
thefe membranes are feparated in the {mall portions, and not in 
the larger, we cannot tell ; but though we are ignorant of this, 
and many more circumftances relative to the re-produétion of thefe 
little animals, yet the foregoing facts enable us to underftand 
better the nature of the exiftence of thofe polypes which have 
been turned infide out. 


For as that part which formed the interior {kin of the {tomach, 
in the little fragments before-mentioned, became the exterior part 
of the animal, the infide of the polype is confequently fo fimilar 
to the exterior fkin, that‘one may be fubftituted for the other, 
without injuring the vital funétions; from hence we might, in 
{ome méafure, have inferred the poffibility of the polypes living 
after it has been turned infide out, independent of the fac itfelf. 


The vilcera of the animal are fituated in the thicknefs of the 
dkin, and abforbing pores are placed both on the infide and out- 
oF | fide, 


— 
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fide, fo that, the animal can live whether, the {kin ‘is turned one 
way or the other. The Author of nature. did not. create the 
polype to be turned as we turn a glove; but he formed an animal. 
whole vifcera were lodged i in the thicknefs of. the fkm, and. with 
powers to refift the various accidents to which it was unavoidably 
expofed by the nature of it's: life; and, the organization. neceflary 
for this purpofe was fo conftru€ted, that. the {kin mugs be turned 
without deflroying life. 


Every portion of a divided polype has; like the vegetable bud, 
all the vifcera neceffary. to it’s.exiltence; it can, therefore, liye by 
itfelf, and pufh forth a head and:tail, when placed end to end 
again{t- another pieces ‘The vegetation confifts.in, uniting the-por- 
tions, the veflels of each part increafe in length, and. a. commu- 
nication is foon. formed: between them, which unites the whole, 
The eafe- with which the parts unite, is, as has, been obferved \be- 
fore, probably owing to: their gelatinous nature; for, we find 
many fimilar inftances in tender fubftances.. ‘The: felid. parts, of 
the embryo, as the fingers, unite in the womb; tender,fruit.and 
leaves may be alfo thus united, j 


A portion of thefe.creatures, is; capable. of,devouring, it’s prey 
almoft.as {oon as it is, divided from the reft; In. the, ftructure of | 
thofe animals which are moft familiar to us, a paxticular place is 
appropriated for the.. developement, and paflage of the embryo. 
But on the body of an. animal, which,, like a tree, is. covered 
with. prolific gems, it is.not furprizing that the young ones {hould 
proceed from it’s fides, like branches froma tree. The mother 
and her young ones form but one-whole,; {he nourifhes them, and | 
they contribute to. her exiftence, as a tree fupports and.is recipro- 


cally fupported by it’s branches and leaves. 
6 Ov 
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Or tue Hypra PALrens. 


The ‘hydra pallens has been defcribed only by M. Roefel, 
Tfec. 3 Polyp. 465, Plate 76,77; it is very feldom to be met 
with, is of a pale yellow colour, and grows fmaller gradually 
from the bottom, the tail is fomewhat round or knobbed, the 
arms are about the length of the body, of a white colour, and 
generally feven in number, apparently compofed of a chain of 
globules ; it brings forth the young from all parts of it’s body. 
Linneus defines it as hydra pallens tentaculis f{ubfenis mediocribus. 
Pallas as hydra attenuata corpore flavefcente, furfum attenuato. 


Or tHe Hypra HybdaTurta. 


“The next in order is the hydra hydatula, which we have 
already defined from Linnzus as-a hydra with four obfolete arms, 
and a veficular body: it is fpoken of by many medical writers, 
who are enumerated in the Syftema Nature, p. 1921. It is 
defcribed alfo by Hartman, mifc. nat. cur. dec. I. an. 7, obf. 206, 
dec. II. an. 4, obf. 79, as hydatis animata; alfo in the differt. 
de inf. viv. p- 50, n. 6, teenia hydatoidea. Pallas defines it as 
tenia hydatigena rugis imbricata corpore poftice bulla Iymphatice 
terminato. The defeription I fhail give the reader will be ex- 
traGted from the Philofephical fae tiohs No. 199, by Dr. 
aun who names it lumbricus hydropicus. 


In the diffe€tion of a gazella, or antelope, Dr. Tyfon obferved 
feveral hydatides, or films, filled with water, about the bignels of 
a pigeon’s egg, and of an oval form, faftened to the omentum, and ~ 
{ome in the pelvis, between the bladder of urine and the re€tum ; 

2 F 2 and 


- 


428 MIicROScoPICAL Essays. 


and he then fufpetted them to be a particular fort of infect, bred 
in animal bodies, or at leaft the embryos or eggs of them, 
a. Becaufe he obferved them included in a membrane, like a: 
matrix, fo loofely, that by opening it with the finger, or a knife; 
the internal bladder, containing the ferum or lympha, feemed no. 
where to have any conneétion with it, but would very readily 
drop out, ftill retaining it’s liquor, without fpilling any of it. 
2. He obferved that this internal bladder had a neck, or white 
body, more opake than the reft of the bladder, and protuberant 
from it, with an orifice at it’s extremity, by which, as with a 
mouth, it exhaufted the ferum from the external membrane, and 
fo fupplied it’s bladder, or ftomach. 9. Upon bringing this neck. 
near the candle, the neck moved and fhortened itfelf.. Fig. 1,, 
Plate XXI. reprefents one of thefe watery bladders inclofed in it’s: 
external membrane, it’s fhape was-nearly round, being only a little: 
deprefled, or flatted, as a drop of quickfilver will be by lying on: 
a plane. In Fig. 2 the neck is better feen; the external membrane 
being taken off, an open orifice is found at it’s extremity; it 
confifts of circular rings, or incifures, which. are more vifible 
when magnified, as in Fig. 3; it then appears granulated 
with a, number of little eminencies all over the furface ; the 
orifice at the extremity feems to be formed by retra€ting itfelf in- 
wards, and upon trial it was found to be fo; for in Fig. 4, the 
neck of this polype is reprefented magnified and drawn out it’s: 
whole length; on opening it there were found within the two. 
firings aa, which probably convey into the ftomach the moifture: 
and nourifhment, which the animal, by protruding it's neck, ex= 
traéts from the external membrane.* 
Hypra 


* Hydra hydatula habitat in abdomine Nemubatonn ovium, fuam, murium, &cs 


unter Reeaenet re et inteftina, Wefica lymphatica, pellucida, magnitudine. pruniy 
petiolata. 
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Hypra STENTOREA. Fic. 27 anp 28, Piate XXII, 


Tentaculis ciliaribus corpore infundibuliformi. 


_ The arms of this. hydra are rows of fhort hairs, the body 
trumpet-fhaped. 


This {pecies of hydra is very common, and has been defcribed 
by almoft every writer on thefe fubje€ts; it is placed by Muller 
- among the vorticellee.. 


Vorticella flentorea caudata, elongata, tubeformis limbo cili- 
ato. “Muller animalculainfuforia. 


They are named: by Mr, Baker and Mr. Trembley the funnel- 
like polype. 


There are three f{pecies of them, which are of different colours; 
green, blue, and white. The white ones are the moft,common, 
It is neceflary to obferve them often, and: in various attitudes,. in 
order to obtain a tolerable idea of their ftruéture. They do not 
form clufters, but adhere fingly by their tail to whatever comes in 
their way ; their anterior end. is wider than the pofterior, and 
being round. gives the animal fomewhat of a funnel form, though 
it 1s not completely circular, having a fort of flit, or gap, that 
interrupts the circle. The edge of this opening is furnifhed with 
a great number of little fimbrille, which. by their brifk and con- 

: tinual 


petiolata corpore-cylindtico, in cujus apice os. qued co-pore:compreffo, movet ten- 
tacula vix manifefta. Lin, Syft. Nat. p. 1321. 
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tinual motions, excite a current of water; the {mall bodies that 
float or {wim near this current, are forced by it into the mouth of 
the little animal. Mr. Trembley fays, that he has often feen a 
number of very {mall animalcula fall one after another into the 
mouth, fome of which were afterwards let out again at another 
opening, which he was not able to defcribe. 


They can fafhion their mouths into feveral different forms. If — 
any thing touches them they fhrink back and contraé themfelves. 
They live independent of each other, {wimming freely through 
the water in fearch of their prey, and fix to any thing they meet 
with, 


Thefe animals multiply by ee themfelves, not longitu- 
dinally, nor tranfverfely, but flopmg and diagonal wife; the 
proceedings in nature continually varying in every new form of 
life. Of the two polypes produced by the divifion of one, the 
firft has the old head and a new tail, the other the old tail with a 
new head. 


To make the defcription more clear, Mr. Trembley called that 
with the old head the fuperior polype, that with the new head the 
inferior one. The firft particular that is obfervable in thefe 
polypes, when they are going to divide, is the lips of the inferior 
one; a tranfverfe and oblique ftripe indicates the part where it is 
going to divide ; the new lips are formed at about two-thirds of 
the length of the polype, reckoning from the head; the divifion 
is made in a floping line, that goes about half way round the pa- 
rent animal; thefe lips are at firft difcerned by a {low motion, 


which engages the attention of the obferver. They then infenfibly 
: approach 
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approach. each. other and clofe, whereby a. {welling is formed on 
the fide of the polype, which) is foon found:to be a new~ head! 
When the {welling is confiderably increafed, the two polypes may 
be plainly diftinguifhed. The fuperior one being now connected 
with the inferior one only by it’s lower extremity, is foon detached 
from it, and-fwims away to fix itfelf on fome convenient fub- 
ftance; the inferior one remains faftened to the place where the 
original polype*was fixed before the divifion, 


From the various modés-by which different [pecies. of polypes 
are multiplied, we are led to: form more exalted ideas-of nature; 
and to fee that,the little we difcover is but, an exceeding {mall part 
of her contents; we learn, alfo to. be more cautious in reafoning 
from analogy, and laying down the known for a model to the un- 
known, becaufe we find that:the operations, in nature are varied 
ad infinitum. 


. The: ateuilk of the hydra. fufea iis very quick, but that of the 
hydra fientorea 1s much more fo. The progres of. the: foetus 
is always more rapid than that of the infant:and adult animal; but 
in thefe organized atoms, the evolution is:fo.rapid, as! to: appear 
almoft like.an immediate creations. 


Fig. 28 reprefents the: hydra: ftentoree; or funnel-polype; fixed 
to the: underfide of:a:piece of fome-vegetable-fubftance; Ey are 
inthis figure. of: their natural fize.. 


Fig. 27, the fame polype magnified; the different- forms: they 
affume are alfo {een here, fometimes {hort and thick as at mm, 
long as at n, nearly globular as at 0, extended to the full fize as 
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at k, feen as contracted at 1. The fimbrille, or little hairs, may 
be feenin moft of the attitudes, except thofe of 1. 


Or THE HyprA SOcIALIs. 
HyDRA SOCIALIS MUTICA TOROSA RUGOSA. Fig. 11, Pl, XXL 
Bearded thick and wrinkled. 


This fpecies of hydra has been defcribed by many writers. It 
1s the vorticella focialis of Muller, who defines it as vorticella 
caudata, aggregata, clavata; difco obliquo Muller Animalcula 
infuforia, p. 304. Pallas makes it a brachionus, Pall, Zooph. 53. 


In Fig. 11 thefe animals are réprefented as confiderably magni- 
fied; they appear like a circle, furrounded with crowns, or 
ciliated heads, tied by {mall thin tails to a common center, from 
whence they advance towards the circumference, where they turn 
like a wheel, with a great deal of vivacity and fwiftnefs, till they 
occafion a kind of whirlpool, which brings into it’s fphere the 
proper foodfor the polype. When one of them has been in mo- 
tion for a time, it ftops, and another begins ; fometimes two or 
three may be perceived in motion together. They are often to 
be found feparate, with the tail fticking in the mud. The body 
contracts and dilates very much, fo as fometimes to have the ap- 
pearance of a cudgel, at others to affume almoft a globular form. 
‘The young polypes of this fpecies have been fometimes taken for 
the hydra ftentorea, 


Or 
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Or THE VORTICELLA. 


We now come to another divifion of thefe animals, to which 
later writers have given the name of vorticelle, which we fhall 
therefore adopt, as we think it behoves every man to maintain 
that order in {cientific arrangement which is not inconfiftent with 
truth, except he can produce another arrangement more ex- 
preflive of the nature of the objeéts it is defigned to difcriminate, 


The variety that may be obferved in thefe minute animals, con- 
firms a principle, which the more it is looked into, the more it 
will be found to »accord with the general operations in nature, 
namely, that there is always a pre-exiftent principle of life 
neceflary to the organization both of animals and vegetables ; 
that the alimentary and other particles which are added to, or ap- 
_ parently belong to them, produce nothing of themfelves, they are 
incapable of forming the leaft fibre, but they are able to become 
conitituent parts of one organical whole, and the inftruments 
whereby the forming principle is manifefted, and rendered capa- 
ble of a€ting upon certain orders of creatures. 


VORTICELLA, 


- Animal, calyce vafculofo; ore contractili ciliato, terminali 


fiirps fixa. 


- Afmall animal, with avafcular cup; the mouth is at one end 
eiliated, and capable of being contraéted, the flem fixed. - 


oe G . ‘Vorti- | 
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VORTICELLA ANASTATICA. 


Vorticella anaftatica, compofita, floribus campanulatis ftirpe 
multiflora rigefcente, fee Fig. 19, 14, 15, 16, Plate XXI. 


Vorticella anaftatica, compound, with bell-fhaped flowers, and @ 
rigid {tem, . 


Cluftering polype, fecond fpecies, Trembley, Philof. Tranf. 
vol. xliv. part 2, p..643. 


Thefe polypes form a group refembling a clufter, or more 
properly an open flower; this flower, or clufter, is fupported by 
a ftem, which is fixed by it’s lower extremity to fome of the 
aquatic plants, or extraneous bodies, that are found in the water ; 
the upper extremity forms itfelf into eight or nine lateral branches, 
perfectly fimilar to each other; thefe have alfo fubordinate bran- 
ches, whofe colle€tive form much refembles that of a leaf. Every 
one of thefe affemblages is compofed of one principal branch, or 
nerve, which makes with the main ftem of the clufter an angle 
fomewhat greater than a right one ; from both fides of this nerve 
the {maller lateral branches proceed; thefe are {horter the nearer 
their origin is to the principal branch. 


At the extremity of the principal branch, and alfo of all the 
lateral ones there is a polype or vorticella. There are others om 
both fides of the lateral twigs, but at different diftances from their 
extremity. Thefe polypes are all exceeding {mall, and of a bell- 
like figure; near their mouth a quick motion may be difcerned, 
_ though not with a fufficient diftinétnefs to convey an adequate idea 
of 
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e it’s caufe; upon the branches of thefe clufters are round 
bodies, which will be more particularly defcribed prefently. 


Every clufter has eight or nine of thefe branches, or leaves; 
they do not all proceed from the fame point, but the points from 
whence they fet out are not far afunder; each of thefe branches is 
bent a little inwards, fo that all of them taken together form a 
kind of fhallow cup. If the eye is placed right over the bafe of 
this cup, the appearance of the whole eight or nine branches is 
like unto that of a flar, with fo many rays proceeding from the 
center. If the clufter is flightly touched, all the branches inftantly 
fold up, and form a {mall round mafs. The {tem which fup- 
_ ports the clufter contraétts alfo at the fame time, folding up like a 
workman’s meafuring rule, that confifts of three or four joints. 
This extraordinary aflemblage conftitutes one organized whole, 
formed of a multitude of fimilar and particular ones. A new {pe- 
cies of fociety, in which all the individuals are members of each 
other in the ftri€teft fenfe, and all participate of the fame life. 


A few days after one of thefe clufters is formed, {mall round 
bodies, or bulbs, may be perceived to protrude in feveral places 
from the body of the branch; thefe grow very fait, and arrive at 
their greateft growth in two or three days. The bulbs detach 
themfelves from the branches out of which they fpring, and go 
~ away, fwimming till they can fettle upon fome fub{tance which 
they meet with in the water, and to which they fix themfelves by 
a fhort pedicle; the bulbs are then round, only a little flatted om 
the under fide, the pedicle continues to lengthen gradually for 
about twenty-four hours, during the fame time the bulbs alfo 
change their figure, and become nearly oval, ‘There are ina 

3G 2 clufler 
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clufter but few of thefe bulbs compared with the number of the - 
vorticellz, neither do all the bulbs come out at the fame time. 
The bulb then divides lengthways into two fmaller ones, but 
which are ftill much larger than the vorticellz themfelves. It is 
not long before thefe are feparated like the firft, and thus form 
four bulbs on the fame ftalk; thefe again divide themfelves, and — 
form eight, which again fubdivide, and confequently make fix- 
teen. They are all connected with the ftalk by a proper pedicle, 
but they are not all of an equal fize; the largeft continue to 
divide, and the {malleft begin to open, and take the bell-formed 
fhape. Mr. Trembley obferved from one round bulb, in. about 
twenty-four hours, by repeated divifions, one hundred and ten 
vorticellz to be formed. 


It has been afked with propriety, what plant, or what animal, 
could have led us to expect an exiftence and mode of propaga- 
tion fimilar to that of the vorticella anaftatica ? 


Fig. 19 reprefents one branch of the vorticella anaftatica; on 
this branch, befides the vorticellz which are of a bell-like form, 
fome of thofe round bodies from which they firft fpring, and by 
which they are fo remarkably pig ae from many other fpe- 
cles, may be feen, 


Fig 14 reprefents one of the globular bodies, after it has parted 
from the clufter, and has fixed itfelf to fome other body, and after 
_the globule itfelf and it’s pedicle have begun to lengthen. 


Fig. 15 reprefents the two bodies that were fone by the part- 


ing of that which is fepre ferived ip in Fi 1g. 4s 
| Fig: 
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Fig. ‘6 reprefents four that were formed by the {eparation of 
the two bulbs, reprefented in the foregoing figure. 


~VoRTICELLA PYRARIA, 


Compofita, floribus muticis obovatis, tentaculis bigeminis ftirpe 
ramola, F ig. 25 and 26, Plate XXII. Compound, with beard- 
lefs oval floréts, two double arms, the ftem branched, ' Lin. 


It is fomewhat of a pear fhape, the bafe is pellucid, the top: 
truncated; the lateral arms, which are a pair on each fide, can- 
-not be diftinguifhed without fome attention ; they ‘are fometimes 
_ -to'ibedeen difengaged from the pedicle, ane ee aya gs in a 
kind of circle. 


>WORTICELLA CRATEGARIA.. 


Vorticella compofita, floribus muticis slobofis, tentaculis binis, - 
flirpe ramofa, Fig. 40, Plate XXII. Compound, with globous 
naked florets, two tentacules, and a branched ftem, 


Thefe vorticelle are to be found im the month of April, both 
in the mud, and upon the tail of the monoculus quadricornis ; 
they are generally heaped together in the manner in which they 
are reprefented in the figure; they are of a {pherical form, and 
united to'one common ftalky They are alfo often to be found 
without any pedicle, the body is rather contracted, the aperture 
is circular, and furrounded with a marked margin; it has two 
fmall arms; with a deep magnifiér, a vehement rotatory motion 
may be feen; they fomctimes fepaxate’ from the community, and 
| go 
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go forwards in a kind of {piral line, and then in a little time come 
back again to the reft. 


lig. 40 reprefents a parcel of thefe vorticelle united together, 


Among the other authorities for this animal, M. Linnzus refers 
to Mr. Baker's defcription of the mulberry infe&t, “ Employment 
for the Microfcope,” p. 348, which, as it differs a little from the 
preceding account, we fhall infert here. That from which his 
drawing was made, and which he has defcribed, was found in a 
ditch near Norwich ; he called it the mulberry infe&, from the re- 
femblance it bore to that fruit; though the protuberances, that 
iland out round it are more globular than thofe of a mulberry ; itis 
to be feen rolling about from one place to another, and is proba- 
bly a congeries of animalcula; they are to be met with in differ- 
ent numbers of knobs, or protuberances, fome having fifty or 
fixty, others more or lefs down to four or five. The manner of 
moving is the fame in all. ‘They are generally of a pale yellow. 


Vorticenta OpercuLariA, Fic. 29, Puare XXII. 


Vorticella compofita, floribus muticis ovalibus, ftirpe ramofa, 
Compound, with naked oval florets, and a branched ftem. 


Thefe vorticelle are of a lemon fhape, and are generally found | 
in clufters, branching out from a ftem, which moftly adheres to 
fome convenient fubftance. 


That {pecies of them which is deferibed by Mr. Baker had a 


very fhort pedicle, and the animals were much longer than thofe 
which 
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which are reprefented at Fig. 29, Plate XXIL There was no 
main ftem, but all the pedicles were jomed in one center, round 
which the animals extended themfelves as fo many radii, forming 
a very pleafing figure. 7 


The mouths of thefe animalcula are not ciliated, but they are 
furnifhed with a round aperculum, or cover, connected by a long 
ligament, or mufcle, which extends downwards through the 
body, and is affixed within fide of it, near the tail, ‘This liga- 
ment may be contraéted or dilated, fo that the cover may be 
removed to fome diftance from the mouth; in this fituation feveral 

{hort hairs may be found to radiate from it; thefe have a vibra- 
tory motion, by which they excite a current of water, molt 
probably to draw in the proper nourifhment, after which they 
fhut or pull down the cover, which they again extend at plea- 
fure; when the cover is pulled clofe down, the mouth contraéts, 
and no hairs are to be feen. 


Fig. 29 reprefents the vorticella opercularia, £ the operculum 
removed at fome diftance from the mouth, at t, it is nearly clole 
at r, the mouth contraéted, the cover drawn in, and no hairs to 
be feen; ua part of the flalk, from which fome of the animal- 
cula are feparated. 


VoRTICELLA UMBELLARIA. 
Vorticella compofita, floribus ciliatis globofis muticis, flirpe | 
umbellata, Fig. 30, Plate XXII. Compound, with ciliated. 


elobous naked florets, and an umbellated flem. 


Vorti- 
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Vorticella acinofa, fimplex, globola, granis nigricantibus, bade 
culo rigido. Mullen Anumal ie P 319: fy | 


— We often find in en  Bidted eons water; alin ‘aaa ne 
bodies in the water, a whitifh fubftance, that looks like mould : 
plants, pieces of wood, {nail fhells, &e. are oftén entirely cover- 
ed over with this fubftance. « If we examine any of'thefe by, the 
microfcope, we fhall find {u¢h motions as will induce us to.think 
them an aflemblage of living animals, minute bodies, feverally 
fixed to-the extremities of {mall ftems, or pedicles, many of 
which are often fo united as to form together a fort of branches, 
or clufters, from» whence they. have been termed cluftering 
polypes, or des polypes en bouquet. | 


Thefe clufters are larger or {maller, according to the {pecies of 
the vorticelle which form them, and according to the -con- 
currence of many other circumftances,,, To get a clear idea of 
the figure of thefe animals, it is beft to obferve the fmaller cluf- 
ters, as in the larger: they are often rendered lefs difting on 
account of the number. : ; 


The length of thofe which are reprefented at Fig. 30, is about 
the 24oth of an inch; they are of a bell-fhape..' The anterior part 
ac generally appears open, the pofterior part is fixed to a flem, 
or pedicle, b e; it is by the extremity of this pedicle that the vor- 
ticella faftens itfelf to any fubftance. It appears in the microfcope | 
of abrownith colour, excepting at the {maller-end.b, where it is 
tran{parent, as well as the whole pedicle bic. . When the anterior 
part a c is open, a very lively motion may be perceived about 1 it’s 
edges; and when it prefents itfelf in a particular manner, fome- 


6 | thing 
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thing very much refembling the little wheels of a mill, moving 
with great velocity, may be difcovered on both fides of the edges 
of this anterior part. 


Thefe vorticellz are able to contrat themfelves fuddenly. 
They may be made to -do this, either by touching them, or 
moving the fubftance to which they are affixed. When they con- 
tract, the edges of the anterior parts are drawn quite into the 
body ; on refuming their former pofture, the edges may be feen to 
come forth, and put themfelves in motion as before. Minute 
fub{tances that float in the water are often forced down into thele 
Openings, and fometimes are thrown out again. 


They are capable of {wimming about fingly, but their form is in 
that cafe confiderably different from that which they have when 
they are fixed. To fee regularly in what manner the ‘clufters are 
formed, and in what way thefe little creatures multiply, it is beft 
to obferve one that is fixed by itfelf. 


The pedicle of a fingle vorticella is at firft fhort, but it foon 
grows longer, and then begins to multiply, that is, to divide, or 
{plit itfelf in two lengthways, To effeét this, the lips are firft 
drawn into the body, the anterior part clofes and becomes round, 
and lofes it’s bell fhape, the motion about the lips ceafes, though 
a {mall degree of motion may be perceived within the body. 
The anterior end flattens gradually, and {preads wider in pro- 
portion as it grows fmaller. It then gradually {plits down the 
_ middle, that is, from the middle of the head to the pedicle, fo 
that in a little time two feparate round bodies appear to be joined 
to the end of the pedicle, that before fupported but one. 

3H The 
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The mouth, or anterior part of each of thefe bodies, now opens. 
by degrees; and in proportion as they open, the lips of the new 
vorticella begin to difplay themfelves. ‘Ihe motion before fpoken. 
of may then alfo be perceived. Indeed it is the beft time of ob- 
ferving it; it is at firt flow, but more rapid’ in proportion as the 
mouth opens, when it is as fwift as that of the vorticella before it 
began to divide, and we may now look upon it as completely 


formed. A vorticella _ ts See EBOmE one horn in dividing © 
itfelf. 


The lower of the three drawings, Fig. 30, reprefents two vor=. 
ticella joined by their pofterior extremity to one ‘pedicle; foon: 
after the divifion, each vorticella begins to fhew a pedicle of 
iy own, ed UG ie 


Fig. 30 reprefents a elufter of eight vorticelle; by this: 
ficure we may form fome idea in aide manner the pedicles are 
difpoled as their number increafes ; there were at firft only two: 
at b, whofe branches lengthened to d, and then each of them was: 
divided into two, now forming four ; thefe again lengthened andi - 
~ reached i, when they were again fubdivided,. as in the figure. 


The reader will join with M. Bonnet in admiring the group of 
- wonders afforded by a fingle {pot of mouldinefs. What unfore-. 
feen, varied, and interefting fcenes are prefented within fo {mall a: 
compa{s! what a theatre is exhibited to a thinking mind! But our. 
abode is fo reclufe, that we have but a glimmering view of it > 
how great would our aftonifhment be, if the whole fpeGtacle was. 
difclofed to us at once, and we were enabled to penetrate into the 
interior ftru€ure of this wonderful affemblage of living atoms ! 


4. Our 
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Our eyes fee only the grols part of the decorations, -whilft the ma- 
chines that execute them remain in impenetrable darknefs!, Whe 
fhall enlighten this profound ob{curity, or dive into an abyfs 
where reafon is loft, or draw from thence the trealures of wifdom 
concealed within it? Let us learn to be content with the fmall 
portion that is communicated to us, and contemplate with grati- 
tude the firft traces of human underftanding that are imparted te 
us in ithefle difcoveries... 


Wo RTICELLA Berpe RIN A. 


Vorticella compofita, il floribus Pasak ort muticis, tire ramola. 
~Compound, with oval beardlefs florets, 


This is a [pecies of the vorticellee, which refemble the preced- 
ing one in many relpects, particularly in being multiplied in the 
vane manner, tha at 1S, by dividing, or fli itting, according to it’s 


length. 


They are more flender than the vorticella ‘umbellaria; the 
branches of the clufters are tranfparent. When many of them are 
together, they appear of a changeable violet colour; the clufters 
are not unlike a {prig of {pun ae The motion of the lips is not 
fo eafily diftinguifhed as in the foregoing {pecies, though it may 
be obferved in thefe whilft they are opening and completing their 
formation. . For at thefe times the motion is but flow, whereas it 


becomes afterwards very “quick 3 in choke that are arrived at a flate 
ef perfection. 


sHa | Al 
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All the clufter vorticellee detach themfelves from time to time 
from the ftem, and from thefe they {wim about till they fix again 
upon fome convenient fubftance; the branches, when. delerted, 
bear no more vorticelle. 


VoRTICELLA DIGITALIS. 


Vorticella compofita, floribus cylindricis, unifulcatis femiclaufis, 
ftirpe ramofa, Fig. 91, Pl. XXII Compound, with cylindrical florets , 


Vorticella compofita, cylindrica, cryftallina, apice truncata et 
fiffa, pedunculo fiftulofo ramofa. Muller Animal Infuf. p. 327. 


This fpecies of the vorticella is very f{carce, it feems only to 
have been feen by Roefel, who found it on the monoculus 
quadricornis, till 1784, when it was difcovered by Mr. Muller, 
who had fought for it feyeral years before in vain, 


The body is cylindrical, cryftalline, and appears almoft empty ;_ 
it has three pellucid points difpofed lengthways, the apex is trun- 
cated in an oblique dire€tion, the margin bent back. ‘The upper 
part contracts itfelf, and the margin then affumes a conical thape, 
with a convex furface; there are in general but few branches 
from the principal ftem, and thefe are {hort and thick ; it excites 
an undulatory motion, but no hairs, nor any rotatory motion, 
have been difcovered. Fig. 31, o and n, reprefents the vorticella 
adhering to the monoculus quadricornis. 
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VoRTICELLA CONVALLARIA. 


Simplex, gregaria, flore campanulata mutico, tentaculis bige- 
minis, flirpe fixa, Fig. 99, Pl. XXII. Simple, but gregarious, the 
florets bell-fhaped, with two pair of little arms, and a fixed ftem, 


Vorticella fimplex, campanulata, pedunculo retortili. Muller 
Animal Infuf. 


Thefe vorticella, or bell animals, as they are termed by Mr. 
Baker, are generally found adhering to fome fubftance in the 
water; they are reprefented here as found by M. Roelel, fixed to 
a curious cornu ammonis, with points proje€ting from the back. 
To the naked eye they appear only as fo many little white points, 
but under a microfcope, as little bells, agitating the water to a 
confiderable diftance. The ftems of thefe have a particular mo- 
tion, they draw themfelves up, and fhorten all at once, taking 
the form of a fpiral wire, or {crew ; in a moment after they again 
refume their former fhape, ftretching themfelves out {trait as be- 
fore. Many of them may be feen at times adhering to each 
other by their tails; the cilia, which are two on each fide of the 
mouths, are very feldom to be perceived. 


VorTICELLA URcEOLARIS. FIG. 33, 34, 95, Pate XXII. 


Simplex, pedunculata, ore dentato, Single, with a fhort tail, 
and toothed mouth, | 


- Brachionus capfularis tefta ovata apice fexdentata bafi incifa, 
cauda longa bicufpi, Muller Animal Inful. p. 356. 
i | To 
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To the naked eye it appears as a white moveable point; but 
when examined by the microfcope, a tail, projetting from the 
lower part, is difcovered, and a double rotatory inftrument is feen, 
_ which it can conceal-or difcover at pleafure. It has been feen 
and defcribed by moft microfcepical writers ; but as Mr. Baker's 
feems to us to be the moft perfect, we fhall principally follow his 
account of it. 

He difcovered three fpecies of them, two of which are included © 
under the vorticella urceolaris. Fig. 33, 34, 35, are of the firlt 
{pecies ; Fig. 36, 37; 38, are of the fecond kind. The firft fort, 
when extended, is about twice as long as it is broad. It is con- 
tained in a fhell; the fore-part of this 1s armed with four fharp 
teeth, or points ; the oppofite fide has no teeth, but is waved, or 
bent, in two places, like the form of a Turkifh bow. At the 
bottom there is a hole, through which it pufhes the tail. It 
- faftens itfelf by this tail to any convenient fubftance, when it in- 
tends to ufe it’s rotatory organs; but when it is floating in the 
water, and at all other times when not adhering to any body, it 
wags the tail backwards and forwards fomething like a dog. 


We may confider it as divided into a head, thorax, and abdo- 
men; each of which may be extended and contraéted confider- 
ably: it can by dilating all three protrude the head beyond the 
fhell, or by contratting them, draw the whole body within the 
fame. 


The head when extended divides itfelf into two branches, be- 
tween which another part, a kind of probolcis, 1s pufhed out; 
at the end of this are two fibrils, that appear when they are at 

=e ih . ref 
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eft like a broad pomt, but which can be moved to and from 
each other very brifkly with a vibratory motion, fee Fig. 99. 


The form and fituation of the two branches is fometimes. 
changed, the ends thereof becoming more round, and the vibra- 
tory motion is altered to.a rotatory one: this. alteration is repre-- 
fented at Fig. 34: the head alfo appears in this figure. The 
thorax is. annexed to the lower part of the head, it is mufcular ;. 
within it there is a moving inteftine, which has been fuppofed to: 
be either the lungs or the heart of the little creature, fee b, Fig, 


33 and 34c 


A communication is formed between the thorax and the ab- 
domen by means of a {hort veflel c, whofe alternate contraCtions. 
and dilatations occafion the abdomen to-rife and fall alternately, 
having at the fame time a fort of periftaltic motion. The food 
is conveyed. through this veflel into the abdomen, where it is. 
digefted; it is then difcharged by the anus, which 1s. placed near 
| the tail. 


The tail has three joints, and is ‘cleft or divided at the extre- 
mity, by which means it can better faften itfelf to fuitable objects. 
It is in general projetted from the lower end of the fhell, moving — 
nimbly to and fro, ferving the animal as a rudder when it is 
fwimming to direct it’s courle.. 


When the water in which the little animal is heh 1s ie : 
dried away, or when it has a mind to compote itlelf to ret, 
eontraéts the head. and fore-part of the body, and brings eth 


down. into. the fhell, and pulls the tail upwards, fo that the whole 
of 
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of this minute creature is contained within thefhell, fee Fig. 35. 
The fhell is fo tran{parent that the terminations cannot be eafily 
diftinguifhed when the animal is extended; but whatever is 
tranfacted within the fhell, is as plain as if there was no fubftance 
between the eye and the interior parts. 


Fig. 36, 97, 38, exhibit the appearance of another fpecies of 
thefe animals, which differs from the foregoing kind. This has 
alfo a head, a thorax and abdomen, but then they are not fepa- 
rated by a gut or intermediate veffel, as in the former, but are 
joined immediately together, and at the place where in the firft 
kind a moveable inteftine was feen; in this a ‘mulcle, moft 
probably the heart, may be difcovered; it has a regular fyftole 
_and diaftole : this part is intended to be fhewn at a, Fig. 36, 937, 
38. Like the other it draws the head and tail within the theil, 
which then appears to have fix teeth or {pikes on one fide, and 
two on the other: it very feldom protrudes it’s head fo far out 
as the other; fometimes the fibrille may be feen within the mar- 
gin of the fhell. 


Both fpecies carry their young in an oval integument or bag, 
faftened externally to the lower part of the fhell, fomewhere 
about the tail; thefe bags are fometimes opake at one end, and 
feemingly empty at the other, fee Fig. 34: / metimes the middle 
is opake, with a tranfparent margin, fee Fig. 36. 


It is highly entertaining to fee a young one burft it's integu- 
ment, and gradually force it’s way out; in performing this opera- 
tion, itis much affifted by the motion of the tail of the parent. 


The head pant comes out firft, it then fets it’s rotatory organ in 
motion, 
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motion by which it is completely difengaged, leaving the integu- 
ment behind, which the vorticella freed itfelf from by repeated 
{trokes with it’s tall. A young one almoft dilengaged 1s feen at b, 
Fig. 38 ; another embryo, c, was left adhering to the fhell. 


There are four more f{pecies of the vorticella mentioned by 
Linneeus, which are the vorticella encrinus, the vorticella poly- 
pina, the vorticella flellata, and the vorticella ovifera, which do not 
come properly within our plan. ‘The vorticella polypina will be 
defcribed hereafter. “There 1s, however, another little animal, of 
which we have given a figure in Plate XXII. and which Linnzus, 
in a former edition of the Syftema Nature, placed among the 
hydre, but which he has fince removed, and placed amoneit the 
tubularia; and as I do not feel myfelf competent to controvert 
the propriety or impropriety of the former or prefent arrange- 
ment, the little creature muft here take a folitary Bape and 
ftand without a companion. 


TuBuLARIA CAMPANULATA. Fic. 92, PLATE XXII, 


Reptans, tubis campanulatis. Creeping, with campanulated 
tubes. 


It is called by Mr. Baker the bell-flowered, or plumed animal. 


Thefe little creatures dwell in colonies together, from ten to 
fifteen in number, living in a kind of flimy mucilaginous cafe, 
which, when expanded in the water, has fome refemblance to a 
bell with it’s mouth upwards, ‘Thefe bells, or colonies, are to 
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be found adhering to the large leaves of duck-weed and other 
aquatic plants. 


The bell, or cafe, which thefe animals inhabit, being very 
tranfparent, all the motions of it’s inhabitants may be difcerned 
diftinétly through it. There are feveral ramifications, or fmaller 
bells, proceeding from the larger one; in each of thefe there is 
an inhabitant. ‘The opening at the top of thefe bells is juft large: 
enough for the creature’s head and a {mall part of it’s body to be 
thruft out from it, the reft remaming in the cafe, into which it 
alfo draws the head on the lea{t alarm. 


Befides the particular and feparate motions which each of thefe 
creatures is able to exert within it’s cafe, and independent of the 
reft, the whole colony has a power of altering the pofition of the 
bell, and removing it from one place to another. ‘Thefle animal- 
cula feem not to like to dwell in focieties whofe number exceeds 
fifteen ; when the colony happens to increafe in number, the bell 
may be obferved to fplit gradually, beginning from about the 
middle of the upper extremity, and proceeding downwards towards. 
the bottom, till they at laft feparate and become two colonies, 


independent of each other. 


The arms are very near each other; fixty may often be counted 
in one plume, having each the figure of an Italic f; one of whofe 
hooked ends is faftened to the head; and all together, when ex- 
panded, compofe a figure fomewhat like a horfefhoe, convex on 
the fide next the body, but gradually opening and turning out- 


wards, fo as to leave a confiderable diftance within the outer ex- 
4 tremities. 
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tremities of the arms. When the arms are thus extended, the 
creature, by giving them a vibratory motion, can produce a cur- 
rent in the water, which brings the animalcula, and other minute 
bodies that are floating near it, into it’s mouth, fituated between 
the arms. The food, if agreeable to the creature, is fwallowed ; 
if not, it is rejected by a contrary motion. As the {kin is tranf- 
parent, the animal may be feen very plain when it has retired 
within the tube. 


The body is about one-eighth of an inch long, without reckon- 
ing the plume, which is about the fame length. It is cylindrical, 
and the {kin is very tranfparent. The plume is only a continua- 
tion of this tranfparent fkin, it is very broad in proportion to the 
body, and of a remarkable figure; the bafe is of the fhape 
of a horfefhoe, from this bafe the arms project, they bend rather 
outwards. The plume which they form gives them a refemblance 
to fome flowers. The arms may be compared, ‘from their 
finenefs and tranfparency, to very fine threads of glafs. The 
bale of the plume is grooved, and is fixed to the animal by the 
middle of the horfefhoe which it forms, and it is here that there is 
an opening which ferves asa mouth to the animal, The inteftines 
are eafily diftinguihed through it’s tranfparent {kin ; when it has 
juft been eating, they are of a deep brown colour. Three prin- 
cipal parts may be diftinguifhed, the oefophagus e hi, the 


{tomach f g, and the rectum fa. 


The plumed polype is very voracious, devouring a great num- 
ber of {mall animals. The arms, when obferved attentively 
with the microfcope, will be found to bend from moment to mo-' 
ment within fide of the plume, and then rife up again; 

- gle then 
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then, another arm performs the fame; thus by the continual mo- 
tion of it’s arms, it puts the water into violent agitation, and 
brings into it’s mouth the food whereby it is nourifhed, 


In the infide of thefe animals a fmall oblong whitifh body is 
formed, which is carried to the outfide, and remains fixed in a 
perpendicular direGtion to the body; many of thefe are formed 
daily, and of thefe oval bodies new animals are produced, exactly. 
fimilar to the parent. 


If thefe minute bodies are eggs, they are of a fingular kind,. 
being deftitute of any covering, and are neither membranaceous , 
nor cruftaceous; we cannot with propriety fay the young ones 
are hatched fromthem; we can, however, perceive thefe oviform 
bodies to gradually unfold themfelves. The developement is 
accomplifhed in a few minutes, and an animalculum appears like 
the parent. 


Mr. Trembley amafled a large quantity of thefe eggs, and car- 
ried them from England with him, keepmg them quite dry; 
on putting them into water, they gradually developed, and be- 
came as perfect as the tubularia from which they proceeded. 


There is a very great fimilarity m the conftruction of this little: 
ereature, and many of the marine polypes, who, like it, exift in 
tubes of the fame growth with themfelves, 


Fig. 32 reprefents three tubularie campanulate, or plumed 
polypes, very much magnified, namely, bfacddeh gi, which 
is out of it’s cell; IB AC, which is within.it’s cell, and the young 
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one, tuus, which is out of it’s cell; e h the oefophagus, f the 
- ftomach, af the refitum, acd de the plume, confifting of the 
bafe e ac, which is but little feen, and the arms ad ad ad which 
proceed from the edges of this bafe; I BA C one of the animals 
drawn into it’s cell, I A B the fkin reverfed, in which the plume is. 
contained; goo threads which are fixed at one end to the inte{- 
tines of the animal, by the other to the bottom of the cell. 
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5 ORE sO ONES oF VIII. 


Or THE ANIMALCULA INFUSORIA. 


UR knowledge of the microfcopic world is at prefent very 

contraéted, but we know enough to give us high concep- 
tions of it’s concealed wonders, and to fill us with profound 
aftonifhment at the infinite variety of forms that are made recipi- 
ent of life. A few of the inhabitants of this world have been 
difcovered. The figure and apparent habits of life of thefe, 
refemble fo little thofe with which we are more acquainted, that 
it is often difficult to find terms to exprefs what is prefented to 
the eye. Itis highly probable that there are many gradations of 
exiftence far below the minuteft of thofe which we obferve with 
the microfcope ; and though by this we are enabled to difcover ~ 
myriads of different creatures roving in the leaft drop of water, as 
if it were a fea, yet it isnot unreafonable to fuppote that HE who 
has filled the immenfity of extent with funs and worlds, has peo- 
pled every particle of fluids with more minute beings than any 
apparatus of our’s can perceive, agreeable to the fublime ideas of 
the poet: 


Gradual 
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Gradual from thefe what num’rous kinds defcend, 
Evading even the microfcopic eye ! 

Full nature {warms with life; one wond’rous mafs 
Of animals, or atoms organized, 

Waiting the vital breath, when parent heaven 
Shall bid his fpirit blow. The hoary fen, 

In putrid fteams, emits the living cloud 

Of peftilence; thro’ fubterranean cells, 

Where fearching fun-beams fearce can find a way, 
Earth animated heaves. The flowery leaf 
Wants not it’s foft inhabitants. Secure, 

Within it’s winding citadel, the ftone 

Holds multitudes. But chief the foreft boughs, 
That dance unnumber’d to the playful breeze, 
The downy orchard, andthe melting pulp 

Of meltow fruit, the namelefs nations feed 

Of evanefcent infects. Where the pool 

Stands mantled o’er with green, invifible, 

Amid the floating verdure, millions ftray. 

Each liquid too, whether it pierces, foothes, 
Inflames, refrefhes, or exalts the tatte, 

With various forms abounds. Nor is the ftream 
OF pureft cryftal, nor the lucid air, rs 
Tho’ one tranfparent vacancy it feems, 

Void of their unfeen people. Thefe, conceal’d. 
By the kind art of forming heaven, efcape 

The groffer eye of man: 
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Let ne prefuming impious railer tax 


‘Creative Wifdom, as if au ght was form’d 


In vain, or not for admirable ends. 
Shall little haughty Ignorance pronounce 


His works-unwife, of which the {mallet part 


Exceeds the narrow vition of her mind? 


Asif upon a full proportion’d dome, 


Qn fwelling columns heav’d, the pride of art! 
A critic fly, whofe feeble ray fcarce fpreads 
An inch around, with blind prefumption bold, 


‘Should dare to tax the ftru€ture of the whole, 
_ And lives the man, whofe univerfal eye 


Has {wept at once th’ unbounded f{cheme of things; 
Mark’d their dependance fo, and firm accord, 

As with unfaultering accent to conclude 

That this availeth nought? Has any feen mye 
The mighty chain of beings leflening down 


From infinite perfection to the brink 
“Of dreary nothing, defolate abyis! 


From which aftonifh’d thought, recoiling, turns? 


Till then alone let zealous praife afcend, 


And hymns of holy wonder, to that Power, 
Whole wifdom thines as lovely on our minds, 


-As on our fmiling eyes his fervant fun, 


THOMPSON. 


Animal- 
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Animalculum fignifies a little animal, and therefore the term 
might be applied to every animal which is confiderably inferior in 
fize to ourfelves. It has been cuflomary, however, to diftinguifh 
by this name only thofe animals that are of a fize fo diminutive. 
that their true figure cannot be difcerned without the affiftance of 
glafies, and is more efpecially applied to fuch as are altogether 
a Gele to the naked eye, and cannot be perceived even to exift 
but by the aid of microfcopes. 


- By ete we are brought inte a new world, and numberlefs ani- 
mals are difcovered, which, from their minutenefs, muft other- 
wife for ever have efcaped our obfervation : and how many kinds 
- of thefe invilibles there may be, is yet unknown; as they are dif- 
cerned of all fizes, from thofe which are barely invifible to the . 
naked eye, to fuch.as refift the a€tion of the microfcope, as the 
fixed ftars.do that of the telefcope, and with the greateft powers 
hitherto invented, appear only as fo many moving points. 


The fmalleft living creatures our inftruments can fhew, are 
thofe that inhabit the waters ; for though animalcula, equally mi- 
“nute, may fly in the air, or creep upon the earth, it is fcarce 
poffible to get a view of them ; whereas, water being tran{parent, 
and confining the creatures within it, we are enabled, by applying 
a drop of it to our glafies, to difcover with eafe a great part of 
it’s contents. 


It has been long known, that if feeds, herbs, or other vegeta- 
ble fubftances, are infufed in water, the water will foon be filled 
with an indefinite number of little animals. We find them, in 
general, moying in all directions with equal eafe and rapidity, 
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fometimes obliquely, fometimes ftrait forwards, at other times 
circularly, one while rolling and turning round, and then running 
backwards and forwards through the whole dimenfions of the 
drop, as if in fport; at other times attacking with avidity the 
little heaps of matter they meet with in their way. They know 
how to avoid with dexterity any obftacles that would interrupt 
their motion, and even to avoid one another ; you may fee hun- 
dreds in motion in a drop of water, that never ftrike againfl each 
other; fometimes they will fuddenly change the dire€tion in 
. which they are moving, and take one diametrically oppofite 
thereto. By inclining the glafs on which the drop of -water is. 
laid, it may be made to move in any direétion; the animalcula 
in the drop will {wim as eafily againft the {tream as with it.. 


If the water begins to evaporate, and the drop to grow {maller, 
they flock impetuoufly towards the remaining fluid; an anxious 
defire of attaining this momentary refpite of life is very vifible, as 
well as an uncommon agitation of the organs by which they im- 
bibe the water. Thefe motions grow languid as the water fails, 
till they at laft ceafe. If they are left dry for a little time, itis im- 
poflible to re-animate them by giving them frefh water. 


Animalcula and infeéts will fupport a great degree of cold, but 
both one and the other perifh when it is carried beyond a certain 
point. The fame degree of heat that deftroys the extftence of 
infe€ts, is fatalto animalcula; as there are animalcula produced 
in water at the freezing point, fo there are infeéts which live in 
{now. 
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If the {malleft drop of urine is put into a drop of water, where 
thefe animalcula are roving about, apparently happy and eafy, 
they inftantly fly to the other fide, but the acid foon communi- 
cating itfelf to this part, their flruggles to elcape are increafed, 
but the evil alfo increafing, they are thrown into convulfions, and 
foon expire. 


Among animalcula, as in every other part of nature, there 1s 
always a certain proportion preferved between the fize of the in- 
dividuals and their number. There are always feweft amongft the _ 
larger kinds, but they increafe in number as they diminish in fize, 
till of the laft or loweft to which our powers of magnifying will 
reach, there are myriads to one of the larger. Like other ani- 
mals, they increafe in fize from their birth till they have attained 
their full growth. When deprived of food, they grow thin and 
perifh, and different degrees of organization are to be difcovered 
in their ftructure. ain 


The birth and propagation of thefe microfcopic beings is as 
regular as that of the largelt animals of our globe; for though 
their extreme minutenefs prevents us, in moflt cafes, from feeing 
the germ from which they fpring, yet we are well affured, from 
numerous obfervations, that the manner in which they multiply is 
regulated by conflant and invariable laws. 


We have feen that different fpecies of the hydra and vorticella 
multiply and increafe by natural divifions and fubdivifions of the 
parent's body; this manner of propagation is very common among | 
the animalcula in infufions, though with many remarkable va- 
rieties. Some multiply by a tranfyerfe divifion, a contraction 

| 9K 2 takes 
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takes place in the middle, forming a kind of neck, that becomes 
{maller every inftant, till they are enabled by a flight degree of 
motion to feparate from each other. Thefe animalcula, in gene- 
ral, ftudioufly avoid each other; but when they are in the labour 
of multiplication, and the divifion is in great forwardnels, it is 
not uncommon to fee one of them precipitate itfelf on the neck of 
the dividing animalcula, and thus accelerate the feparation. 


Another fpecies, when it is on the point of multiplying, fixes 
itfelf to the bottom of the infufion; it then forms an oblong 
figure, afterwards becomes round, and begins to turn rapidly, as if 
upon an internal center, continually changing the dire¢ction of it’s 
rotatory motion ; after fome time, we may perceive two lines on 
the {pherule, forming a kind of crofs ; foon after which, the ani- 
malculum divides into four, which grow, and are again fubdivided.. 


Some multiply by a longitudinal divifion, which in one kind 
begins in the fore-part, and others in the hind-part ; from another 
kind a {mall fragment is feen to detach itfelf, which very foon: 
acquires the form of the parent animalculum. Laftly, fome propa- 

gate in the fame manner as thofe we deem more perfect animals. 


From what has been faid, it appears clearly that their motions 
are not purely mechanical, but are produced by an internal {pon- 
taneous principle, and that they muft therefore be placed among 
the clafs of living animals, for they poflefs the firox ngeft marks, 
and the moft decided characters of animation; and confequently, 
that there is no foundation for the fuppofition of a chaotic and 
neutral kingdom, which can only have derived it’s origin from a 
very tranfient and fuperficial view of thefe aninalcula. 


te 
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Tt may allio be ailier obferved, that as we Hes that ches motions 
of the limbs, &c. of the larger animals are produced by the me- 
chanic al esenenib of the body, and the’ ation of the foul 
thereon, and are forced by the ocular demonflration which ariles 
from anatomical dilieGtion, to acknowledge this mechan .m which 
is adapted to produce the various motions neceffary to the animal; 
and as when we have recourle to the microicope, we find thole 
pieces which had appeared to the naked eye as the primary me- 
chanical caules of the particular motions, to confit themfelves of — 
lefler parts, which are the caufes of motion, extenfion, &c. in 


the larger; when the ftru€ture can therefore be traced no fur- 


ther by the eye or glafles, we have no right to conclude, that 
the parts which are invilible are not equally the fubjeét of me- 
chanifm: for this would be only to affert in other words, that a 
thing may exilt becaufe we fee and feel it, and have no exiftence 
when it is not the object of our fenfes. 


The fame train of reafoning may be applied to microfcopic in- 
feAs and animalcula; we fee them move, but becaufe the mufcles 
and members which occafion thefe motions are invifible, {hall we 
infer that they have not mufcles, with organs appropriated to the 
motion of the whole and it’s parts? ‘To fay that they exift not, 


’ becaufe we cannot perceive them, would not be a rational con- 


clufion. Our fenfes are indeed given us, that we may compre- 
hend fome effeGs; but then we have alfo a mind with reafon 
beflowed upon us, that from the things which we do perceive 


with our fenfes, we may deduce the nature of thofe cauies and 


effe€ts which are imperceptible to the corporeal eye. 


Mefits, 
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Mefirs. Buffon, Needham, and Baron Munckhaufen, have con- 
fidered this part of animated nature in fo different a light frora 
other writers, that we cannot with propriety entirely pafs then 
over. Mr. Needham imagined that there was a vegetative force 
in every microfcopical point of water, and every vifible filament 
of which the whole vegetable contexture confifts; that the feveral 
fpecies of microfcopic animals may fubfide, refolve again into 
gelatinous filaments, and again give lefler animals, and fo on, 
till they can be no further purfued by glafles. That agreeable 
to this idea, every animal, or vegetable fubftance, advances as 
faft as it can in it’s revolution, to return by a flow defcent to one 
common principle, whence it’s atoms may return again, and 
afcend to a new life. That notwithftanding this, the {pecific 
{eed of one animal can never give another of a different {pecies, 
on account of the preparation it muft receive to conftitute it this 


{pecific feed. 


M. Buffon afferts, that what have been called {permatic ani- 
mals, are not creatures really poflefling life, but fomething proper 
to compofe a living creature, diftinguifhing them by the name 
of organic particles, and that the moving bodies which are to be 
found in the infufions, either of ainda or vegetable fubftances, 


are of the fame nature. 


Baron Munckhaufen fuppofed that the feeds. of muthrooms were 
firft aviiete and then. vegetables ; and this becaufe he had ob- 
ferved fome of the globules in the infufions o f mufhrooms, after 


moving fome time, to begin to vegetate. 


I 
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Tt might be fufficient in the firlt inftance to obferve, that Meff. 
Needham and Buffon, by having recourle to a vegetative force, 
and organic particles, to account for the exiftence, and explain 
the nature of animalcula, and the difficulties of generation, have 
{ubftituted words in the place of things, and that we are no gain- 
ers by the fubftitution, unlels they explain the nature of thefe 
powers. But to this we may add, that all thofe who have ex- 
amined the fubjeét with accuracy and attention, as Bonnet, 
De Sauffure, Baker, Wrifberg, Spalanzane, Haller, Etlis, -Mul- 
ler, Leder Muller, Corti, Roffredi, &c. difagree with the fore- 
going gentlemen, proving that they had deceived themfelves by 
inaccurate experiments, and that one of them, M. Buffon, had 
not feen the fpermatic animals he fuppofed himfelf to be deferib- . 
ing, infomuch that Mr. Needham was at lait induced to give up 
his favorite hypothefis. 


To this we may add, that though we can by no means pretend 
to account for the appearance of molt animalcula, yet we cannot 
help obferving, that our ignorance of the caufe of any phe- 
nomenon is no argument againft it’s exiftence. Though we are 
not, for inflance, able to account in a fatisfa€tory manner for the 
origin of the native Americans, yet we fuppofe M. Buffon him- 
{elf would reckon it abfurd to maintain, that the Spaniards on 
their arrival there found only ORGANIC PARTICLES moving 
about in diforder. The cafe is the very fame with the éels in 
pafte, to whole animation’ he objects. They are exceed- 
ingly fmall in comparifon with us; but, with the folar micro- 
feope, Mr. Baker has’made them allume a more refpectable 
appearance; fo as to have a diameter of an inch and an hall, 
and a proportionable length. They fwam up and down very 

Bg | brifkly ; 
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brifkly ; the motion of their inteftines was very vifible; when the 
water dried up, they died with apparent agonies, and their 
mouths opened very wide. Now, were we to find a creature of 
the fize of this magnified eel gafping in a place where water had 
lately been, we certainly fhould never conclude it to be merely an 
ORGANIC PARTICLE, or fortuitous aflemblage of them, but a fith. 

“Why then fhould we conclude otherwife with regard to the eel 
in it’s natural fate, than that it isa little filhP In reafoning on 
this fubjeét, we ought ever to remember, that however effential 
the diftin€tion of bodies into great and {mall may appear to us, 
they are not fo to the Deity, with whom, as Mr. Baker well ex- 
prefles himfelf, “an atom is a world, and a world but as an 
atom.” —Were the Deity to exert his power a little and give a 
natural philofopher a view of a quantity of palte filled with eels, 
from each of whofe bodies the light was refleéted as in the [olar 
microfcope ; our philofopher, inftead of imagining them to be 
mere organic particles, (as the pafte would appear like a little 
mountain,) he would probably look upon the whole as an ~ 
aflemblage of ferpents, and be afraid to come. near them. 
Whenever, therefore, we. difcover beings to appearance endowed 
with a principle of felf-prefervation, or whatever we make the 
charaeriftic of animals, neither the {mallnefs of their fize, nor 
the impoffibility of our knowing how they came there, ought to 
caufe us to doubt of their being animated. * 


I thall here infert fome extraGs of the experiments made by 
Mr. Ellis at the defire of M. Linneus, and which area full refu- 


station of thofe: made by M. Needham and B.Munckhaufen. By 
. thole 


“* Encyclopedia Britannica, vol. 1, p. 459. 
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thofe he made on the infufions of mufhrooms in-water, it appear- 
ed evidently that the feeds were put in motion by minute animals, 
which arofe on the decompofition of the mufhroom ; thefe, by 
pecking at the feeds, which are little round reddifh bodies, 
moved them about with great agility in a variety of dire€tions, 
while the little animals themfelves were {carce vifible till the food 
they had eaten difcovered them. 


The ramified filaments, and jointed or coralloid bodies, which. 
the microfcope difeovers to us on the furface of moft vegetable 
and animal infufions, when they become putrid, and which were 

fuppofed by Mr. Needham to be zoophytes, were found by Mr. 
Ellis to be of that genus of fungi called mucor, many of which 
have been figured by Michelius, and defcribed by Linneus. 
Their vegetation is fo quick, that they may be feen to grow and | 
feed under the eye of the obferver; other inftances of fimilar 
miftakes in Mr. Needham’s experiments may be feen in Mr. Ellis’s 


paper, Philof. Tranf. vol, lix. p. 138. 


A fpecies of mucor arifes alfo from the bodies of infects putre- 
fying in water; this fpecies fends forth a maf{s of tranfparent 
filamentous roots, from whence arife hollow feed veffels; on the 
top there is a holé, from which minute globules often flue in 
abundance, and with confiderable elaftic force, which move 
about in the water. It will, however, be found, with a little at- 
tention, that the water is full of very minute animalcula, which 
attack thefe feeds, and thus proleng their motion; but after a 
{mall fpace of time they rife to the furface, and remain there 
without any motion; a frefh quantity rifes up, and floating to 
the edge of the water, remains there inactive; but no appearance 

oT. can 
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can be obferved of detached,.and feparated parts becoming what 
is’ called microfcopic‘animalcula... Indeed, it is furprizing that 
Mr. Needham fhould ever take the filaments of the moiftened 
grains for any thing elfe than a vegetable produétion, a true {pe- 
cies of mouldinefs, 


On the 25th of May, Fahrenheit’s thermometer 70°, Mr. 
Ellis boiled a potatoe in the New River water till it was reduced 
to a mealy confiftence., He put part of it, with an equal propor- 
tion of the boiling liquor, ito a cylindrical glafs veffel, that held 
fomething lefs than half a wine pint,, and covered it clofe imme- 
diately with a iglafs cover. Atthe fame time he fliced an unboiled 
potatoe, and, as near as he could judge, put the fame quantity 
into a glafs vellel of the fame kind, with the fame proportion of 
_ New River water not boiled, and covered it with a glafs cover, 
and placed both veffels clofe to each other. 


On the 26th of May, twenty-four hours afterwards, he ex- 
amined a {mall drop of each by the firft magnifier of Wilfon’s 
microfcope, whofe focal diftance is reckoned. at. 4, part of an inch; 
and, to his amazement, they were both full of animaicula of a 
‘linear fhape, very diftinguifhable, moving to and fro with great 
celerity ; fo that there appeared to be more particles of animal 
than vegetable life in each drop. 


This experiment he repeatedly tried, and always found it to 
fucceed in proportion to the heat of the circumambient air; fo 
_ that even in winter, if the liquors are kept properly warm, at 
leaft ia two or three days the experiment will fucceed. 


The 
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The animalcula are infinitely fmaller than fpermatic animals, . 
and of a very different fhape; the truth of which every accurate 
obferver will foon be convinced of, whole curiofity may lead him 
to compare them, and he is perfuaded they will find they are no 


way akin. 

Having learnt from Mr. De Sauflure, of Geneva, that he found 
one kind of thefe animalcula infuforia that uncreafe by dividing 
acrofs into nearly two equal parts, and that the infufion was made 
from hemp-feed, he procured a quantity of this feed, fome of it 
he put into New River water, fome into ‘diflilled water,. and fome 
into very hard pump water , the refult was, that in proportion to 
~ the heat of the weather, or the warmth.in which they were kept, 
there was an appearance of millions of minute animalcula in all 
the infufions; and, fome time after, fome oval ones made their 
appearance; thefe were much larger than the firft, which {till 
continued ; thefe wriggled to and fro in an undulatory motion, 
turning themfelves round very quick all the time that they moved 


forwards. — 


Mr. Ellis found out, by mere accident, a method to make their 
fins appear very diftinétly, efpecially an the larger kind of ani- 
malcula, whith are common to moft vegetable infufions, fuch as 
thé terebella. . This has’a longifh body, with a cavity ,or groove 
at one end, like a gimlet: by applying a {mall fialk of the 
horfefhoe -geranium, (or geranium zonale of Linneus.) frefh 
broken, to a‘drop of water im which :thefe animaleula,are {wim- 
mins, we fhall find that they will become torpid inftantly, .con- 
tracting themf{elves into ‘an oblong:oval thape, with their fins ex- 
tended like fo many briftles-all rotmnd.théir'bodi¢s, | Lhe-fins are 

g3Le im 
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in length about half the diameter of the middle of their bodies, 
Before he difcovered this expedient, he tried to kill them by 
different kinds of falts and {pirits; but though they were deftroyed 
by this means, their fins were fo contracted, that he could not 
diftinguifh them in the leaft. After lying in this ftate of torpidity 
for two.or three minutes, if a drop of clean water be applied to 
them, they will recover their fhape, and {wim about immediately, 
rendering their fins again invifible. 


It is one of the wonders of the modern philofophy to have 
imvented means for bringing creatures,. {o.imperceptible as the va- 
rious animalcula, under our cognizance and infpefiion. One 
might well have deemed an object that was a thoufand times too 
little to-affe€&t our fenfe, as perfeétly removed from human dif- 
covery; yet we have extended our fight over animals to whom 
thefe would be mountains. In reality, the greater number of 
microfcopie animalcula are of fo {mall a fize, that through a lens, 
whofe focal diftance is the tenth part of an inch, they only ap- 
pear as fo many points; that is, their parts cannot be diftinguifh- 
ed, fo. that they appear from the vertex of that lens under an. 
angle not exceeding the minute of a degree. If we inveftigate 
the magnitude of fuch an. obje&, it will be found nearly equal to 
S255 0f an inch long. Suppofing, therefore, thefe animalcula to 
be of a cubic figure, that 1s, of the fame length, breadth,, and 
thicknefs, their magnitude would be exprefled by the cube of the 
fra€tion: zescs, that is, by the number zcsssodvosos0000, that Is, 
each animalculum is equal to fo many parts of a {quare inch. 
This contemplation of animalcula has rendered the idea of in; 
definitely fmall bodies very familiar to us; a mite was formerly 
thought the limit of littlenefs, but we are not now. furprized to 

be 
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be told of animals many millions of times fmaller than a mite ;. for 
there are fome animalcula fo fmall, that, upon calculation, the 
whole earth is not found large enough tobe a third proportional 
to thefe little animals, and the whaie in the ocean.* Thefe con- 
fiderations are {till further heightened; by reflecting on the internal 
ftruéture of animalcula, for each muft have all the proportion, 
fymmetry, and adjuftment of that organized texture, which is in- 
difpenfibly neceflary for the feveral funétions of life, and each 
mu{t be furnifhed with proper organs, tubes, &c.. for fecreting 
the fluids, digefting it’s food, and propagating it’s {pecies. 


Having thus given a lig idea of the properties of animal- 
eula, we now proceed to defcribe the various individuals, following 
the arrangements of O.F. Miiller,t and giving the reader the dif-. 
eriminating characters by which he has diftinguifhed them, abridg- 
ing, enlarging, or altering the defcriptions, to render them in fome: 
inftanees more exact, in others lefs tedious, and upon the whole 
Ihope, more interefting to the reader. 


A seneaaree Division or THE ANIMALCULA INFUSORIAy 
I, Thofe that have no external organs, 
t. Monas : punctiforme. A mere point. 
2, Proteus: mutabile. Mutable.. 


3. Volvex.:: 


* Cyclopedia Britannica, Art. Animalcule, 


+ Miiller Animalcula Infuforia, Elnvvala et Marinaé. 
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3. Volvox: fphericum. Spherical. 
"4. Enchelis: cylindraceum, Cylindrical. 


. Vibrio: elongatum. Long. 


On 


. IMernb dita deou: 
6. Cyclidium: ovale. Oval. 
ve Pubadborciiat oblongum: Oblong. 
8. Kolpoda: finuatum. Sinuous. 
g. Gonium : saraTHeeEn. With angles. 


10. Burfaria. Hollow like a Dulles. 


II. Thofe that have external organs. 
he Naked, or not sbclored ima fhell. 
1. Cerearia: caudatum. Withva tail. 
_ 2. Trichoda: intial 
3. Kerona: corniculatum. With horns. 


4. Himantopus: cirratum, °Cirrated, 


5» Leu- 
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it Leucophra : ciliatum undique. . Every part ciliated, 
G6. Vorticella: ciliatum apice. The apex ciliated. 
* Covered with a fhell. 


7. Brachionus: ciliatum apice. The apex ciliated. . 


I Mownas. 


Vermis inconfpicuus, fimpliffimus, pellucidus, pun€tiformis. 
An invifible,* pellucid, fimple, punétiform worm,. 


1. Monas. Termo.. 
Monas gelatinofa. Gelatinous Mona. 


Animalcules femblable a des points, {pall..op. phyf. I..p. 


Bullz continuo motu, Bonanni obf. p. 174. 


Among the various animalcula which are difcovered. by the 
microfcope, this is the moft minute, and the moft fimple; a 
{mall jelly-lkke point, eluding the powers: of the compound: 
microfcope, and being but imperfeétly feen by the fingle; thefe, 
and fome others of the mona kind, are fo delicate and flender, 
that it is no wonder they often efcape the fight of many who: 
have examined infufions with attention; in a full light they totally. 

vse _difappear 


* By invifible we only mean that they are too {mall to be difcerned by the naked: 


eye, 
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difappear, their thin and tranfparent forms blending as it were 
with the water in which they {wim. 


Small drops of infuled water are often fo full of thele, that it 
isnot eafy to difcover the leaft empty f{pace, fo that the water it- 
felf feems changed into another fubftance lefs tranfparent, but - 
confifting of an innumerable number of globular points, thick 
fown together. In this a motion may be perceived, fomething 
fimilar to that which is obferved when the fun’s rays fhine on the 
water, the animalcula being violently agitated, or in a commo- 
tion like unto a hive of bees. It is very common in ditch water, 
and in almoft all infufions, both of animal and vegetable 
fubftances. | 


2. Monas Atomus. 


Monas albida punéto, variabili inftruéta, Plate XXV. Fig. 1. 
‘White mona, with a variable point. 


This animalculum appears as a white point, which, when it is 
highly magnified, is fomewhat of an egg fhape; the fmaller end 
is generally marked with a black point, the fituation of this Is 
fometimes varied, and found at the other end of the animalcu- 
lum; fometimes two black points are to be feen crofling the 
middle of the body. 


It was found in fea water that had been kept the whole winter ; 
it was not, however, very foetid ; there were no other animalcula 


gn the fame water. 


p. Monas 
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3. Monas Punctum. 


Monas nigra. A black mona. 


A very minute point, folid, opake and black, round and ite. 
They are difperfed in the infufion, and move with a flow waver- 
ing motion ; were found in a feetid infufion of pears. 


4. Monas Ocellus. 


Monas hyalina punéto centralinotata. Tyranfparent like talc, 
with a point in the middle. 


The margin black, and a black point in the middle; 1t moves 
irregularly, is found in ditches covered with conferva, and fre- 
quently with the cyclidium milium. | 


5. Monas Lens. 
Monas hyalina. Tranfparent mona, of a talcy appearance. 


This is among the number of the fmaller animalcula, nearly of 

a round figure, and fo pellucid, that it is not poffible to difcover 
the leaft veftige of inteflines. Though they may often be feen 
feparate, yet they are more generally collected together, forming 
a kind of veficular or membranaceous mafs. Contrary to the 
cufiom of other animalcula, they feek the edges of the eva- 
porat ting water, the confequence .of which ‘is dactst immediate 
death. When the water is nearly evaporated, a few dark fhades 
are perceived, probably occafioned by the wrinkling of the body. 


3M A flow 
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A flow tremulous motion, confined to one fpot, may be per- 
ceived: at intervals ; this in a little ttme becomes more lively, and 
foon pervades the whole drop. : 


It’s motions are, in general,’ very quick; two-united together 
may fometitnes be feen {wimming among the reft ;.while in this 
fituation they have been miftaken by fome writers for a. different 
fpecies, whereas it is the fame generating another by divifion. 


It is to be found im all water, though but feldom m that which 
is pure; they are in great plenty in the fummer im ditch water, 
alfo in infafions of animal or vegetable fubftances, made either of 
frefh or {alt water, myriads being contained in a drop; numbers, 
of various fizes, are to be foundiin the filth of the teeth. 

The animalcula of this and the firft fpecies are fo numerous as. 
to exceed all calculation, though they are contained in a very 
confined. {pace.. 


6. Monas- Mica. 


Monas, cireulo notata, Mona, marked with a eircle. 
This lucid’ little point may be difcovered with the third lens of 
the common fingle microfeope, when. the magnifying power is 
increafed:; it appears either of an oval or {pherical figure, for it 
affumes either at pleafure. It is tranfparent, and has a {mall 
ellipfe infcribed as it were within it’s eireumference ; this ellipfe 1s. 
moveable, being fometimes in thé middle, fometimes a hittle to- 
wards the fore-part, at others nearer the hind-part. ioe 

a ) There 
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There is a confiderable variety in it’s motions ; it often turns 
yound for a long time in the fame place; an appearance Ite two 
kidneys may fometimes be perceived in the middle of the body, 
and the animalculum is beautifully encompafled with a kind of 
halo, arifing, moft probably, from invifible and vibrating hairs. 


They are to be found in the pureft waters. 


+. Monas Tranquilla: 


. Monas: ovata, hyalina, margine nigro, Egg-fhaped, tranfpa- 
rent mona, with a black margin. | 


Thefe animated points: feem to be nearly fixed to one fpot, 
where they have a vacillatory motion. They are frequently fur- 
rounded with a halo, and differ in their figure, being fometimes 
rather {pherical, at others quadrangular. The black margin is 
not always to be found, and fometimes one would almoft be 
tempted to think it had a tail. It is found m. urine which has 
been kept for a time. The urine is covered, after it has remained 
in the veffel, with a dark-coloured pellicule, in which thefe ani- 
mals live: although the urme was. preferved for feveral months, 
no new animalcula were obferved therein. It has been already 
{hewn, that a drop of urine is in general fatal to other animalcula, 
yet we find that it has animated beings of a peculiar kind, appro- 
priated to, and living in it, 


SENS , 8. Monas 
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8. Monas Lamellula. 


Monas, hyalina comprefla. F lat tranfparent monas. 


This is moftly found in falt water. Itis of a whitifh colour, 
more than twice as long as it is broad, tranfparent, with a dark 
margin, the motion vacillatory ; it often appears as 11 double, 


g. Monas Pulwifculus. 


Monas hyalina, margini virente. Tyanfparent mona, with a 
preen margin. 


Little fpherical pellucid grains, of different fizes, the circum- 
ference green, a’ green bent line pafles through the -middle of 
fome, probably indicating that they are: near feparating, or di- 
viding, into two diftinét animalculum; fometimes three or four, 
at others fix and feven, or even more, are colleéted together. 
They rove about with a wavering motion, and are moftly found 
inthe month of March in marfhy grounds. 


10. Monas Uva. : 


Monas hyalina gregaria. ‘Tranfparent gregarious monas. 


It is not eafy to decide on the nature of thefe little aflemblages 
of corpufcles, which fometimes confift of five, at other times of 
four, and frequently of many more ; the corpufcles are of different 
fizes, according to the number colleéied in one group. When 

collected 
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cdlleGted in a heap, the only motion they have is a kind of revo- 
lution, or rolling round. ‘The fmaller particles feparate from the 
larger, often dividing into as many portions as there are con- 
{tituent particles in the group; when feparated, they move about 
with incredible {wittnels. 

( 

To try whether this was a group of animalcula collected toge- 
ther by chance, or whether it was their natural {tate to be thus 
erouped together, the following experiment was made. A fingle 
corpufcle was taken the moment it was feparated from the heap, 
and placed in a glafs by itfelf; it foon increafed in fize, and when 
it had attained nearly the fame bulk as the group from which it 
_ was feparated, the furface began to affume a wrinkled appearance, 
which gradually changed tll it became exattly fimilar to the 
parent group. This new-formed group was agai decompoled, 
like the preceding one, and in a little time the feparated particles 
became as large as that from which they proceeded. 


It is found in a variety of infufions, 
I. PROF EV Ss, 


Vermis inconfpicuus, fampliciflimus, pellucidus, mutabilis, An 
invifible, very fimple, pellucid worm, of a variable form. 


11... Proteus Diffluens. 


Proteus in ramulos diffluens, Fig.2 and 3, Plate XXV._ Pro- 
teus, branching itfelf out in a variety of direCtions, | 


A very 


% 
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A very fingular animalculum, appearing only as a grey 
mucous mafs; it is filled with a number of black globules, of 
different fizes, and is continually changing it’s figure. Being 
formed of a gelatinous pellucid fubflance, the fhape is eafily 
altered, and it pufhes out branches of different lengths and 
breadths. ‘The globules which are within divide and pafs imme- 
diately into the new-formed parts, always following the various 
changes of form in the animalcula. The changes that are ob- 
ferved in the form of this little creature, do not arife from any 
extraneous caufe, but are entirely dependent on it’s internal 
powers. ti 


It isto be met with but very feldom; the indefatigable Mullet 
“only faw it twice, although he exammed fuch an immentfe variety 
-of infufions. — 


It is to be found in fenny fituations. 
12. Proteus Tenax. 


Proteus in fpiculum. diffluens, Fig. 4 and 5, Plate XXV. 


‘Proteus, running out into a fine point. 


A gelatinous pellucid body, ftored with black molecules ; it 
-changes it’s form like the preceding, but always ina regularorder, 
firft extending itfelf out in a {trait line, the lower part terminating 
in an acute bright point, without any inteftines, and the globules 
‘being all colleéted in the upper part, it next draws the pointed 
end up»towards the middle of the body, fwelling it into a round 
‘form. ‘The contraétion goes on for fome time, alter which the 

lower 


Mie ROMO 2 LOA s Essays, 479 


lower part is fwelled out as it is reprefented in Fig. 4; the 
point is afterwards projected from this ventricofe part. It pafles 
through five different forms before it arrives at that which is feen 
at Fig. 4. It fearcely moves from one {pot, only bending about 
fideways. It is to be found in river water, where the C nitida 
grows,—a the tail, c the head, d the protuberant {welling. 


Ill. Vorvox. 


Volvox inconfpicuus fimplicilfimus, pellucidus, fphericus. 
An invifible, very fimple, pellucid, {phzrical worm. 


19. Volvox Punctum. 


Volvox fphericus, nigricans, puntio lucido. Spherical, of a 
black colour, with a lucid point. 


A {mall globule; one hemifphere is opake and black, the 
other has a pellucid cryftalline appearance; a vehement motion 
is obfervable in the dark part. It moves in a tremulous manner, 
and often pafles through the drop, turning round as if upon an 
axis. Many may be often feem joined together in their paflage 
through the water, they fometimes move as in a little whirlpool, 
and then feparate,. It is found in great numbers on the furface of . 
foetid fea water.. 


24. Vol- 
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14. Volvox Granulum. 


Volvox {phericus, viridis, peripheria hyalina, Spherical and 
green, the circumference of a bright colour, 


There feems to be a kind of green opake nucleus in this ani- 
malculum; the circumference is tranfparent. It is to be found 
generally in the month of June, in marfhy places; it moves but 
flowly. | 


15. Volvox Globulus. 


Volvox globofus, poftice fubobfcurus. Globular volvox, the 
hinder part fomewhat obfcure. 


This globular animalculum is ten times larger than the mona 
lens ; it verges fometimes a little towards the oval in it’s form. 
The inteftines are juft vifible, and make the hinder part of the 
body appear opake ; it has commonly a flow fluttering kind of 


motion, but if it is difturbed the motion is more rapid. 
It is found in moft infufions of vegetables. 
16. Volvox Pilula. 


Volvox fphericus, interaneis immobilibus virefcentibus. “Small 
round volvox,: with immoveable green inteftines: 


This is a fmall tranfparent animalculum ; it’s inteilines are im- 


moveable, of a green colour, and are placed near the middle of 
the 
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the body, the edges often yellow ; a {mall obtufe incifion may be 
difcovered on the edge, which is, perhaps, the mouth of the 
animalculum. ‘This little creature appears to be encompaffed 
with a kind of halo, orcircle. If this is occafioned by the vibra- 
tory motion of any fringe of hairs, they are invifible to the eye, 
even when affifted by the microfcope. 


It feems to have a kind of rotatory motion, at one time flow, 
at another quick, and is to be found in water where the lemna 
minor grows, fometimes as late as the month of December. 


17. Volvox Grandinella. 


Volvox fphericus, opacus, interaneis immobilibus. Spherical 
and opake, with immoyeable inteftines, _ 


This is much fmaller than the preceding, and is marked with 
feveral circular lines; no motion is to be perceived among the in- 
terior molecules. [t fometimes moves about in a {trait line, fome- 
times it’s courfe is irregular, at others it keeps in the fame {pot, 
with a tremulous motion. 


18. Volvox Socialis. | 
Volyox fphericus, moleculis-cryftallinis, aqualibus diftantibus. 


Spherical volvox, with. crydftallme molecules, placed at equal 
diftances from one another. | 


3N | When | 
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When very much magnified, this animaleulum. feems ‘to. have 
fome relation to the vorticella focialis, as feen with the naked eye, 
It confifls of cryftalline molecules, difpofed in a fphere, and 
filling up the whole circumference; they are-all of an equal fize. 
Whether they are-included in a common membrane,’ or ‘whether 
they are united by one common flalk, as in the vorticella focialis, 
has not been difcovered.. We are alfo ignorant of the exact 
figure of the little particles of which it is compofed ; when a very 
large magnifying power is ufed, fome black points may be dif 
cerned in the center of the cryftalline molecules. The motion is 
fometimes rotatory, fometimes from right to left, and the con- 
trary. It is found where the chara vulgaris has been kept. 


19. Volvox Sphericula. 


Volvox fphericus, moleculis fimilaribus rotundis. Spherical 
yolvox, with round molecules. ; 


This fpherule is formed: of pellucid: homogeneous points, of dif 


ferent fizes. It moves flowly about a quarter of a circle from 
right to left, and then back again from left to right. 


20. Volvox Lunula. 
Volvox hemifphericus, moleculis. fimilaribus. lunatis. “An: 


hemifpherical volvox, with lunular molecules. Fig. 7, Plate 
XXV. 


Is 
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Is a {mall roundifh tranfparent body, compofed of innumerable 
molecules, homogeneous, pellucid, and of the fhape of the moon 
in it’s firft quarter, without any common margin. 


It is in a continual twofold motion; the one of the whole mafs 
turning flowly round, the other of the molecules one among the 
other. They are found in marfhy places in the beginning of 
fpring. 


21. Volvox Globator. 


_ Volvox fphericus membranaceus. Spherical membranaceous 
volvox. | 


This is a tranfparent globule, of a preenilh colour; the feetus 
is compofed of fimaller greenifh globules. It becomes whiter and 
brighter with age, moves {lowly round it’s axis, and may be per- 
ceived by the naked eye. 


But to the microfcope the fuperficies of this pellucid membrane 
appears covered with molecules, as if it were granulated, which 
has occafioned fome obfervers to imagine it to be hairy; the 
round pellucid molecules that are fixed in the center are generally 
largeft in thofe that are young. ‘The exterior molecules may be 
wiped off, Keays the membrane naked. 


When the young ones are of a proper fize, the membrane 

opens, and they pafs through the fiffure; after this, the mother 

melts away. They fometimes change their {pherical figure, the 
pues being flattened in different places. 


3Ne2 Mott 
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Moft authors fpeak of finding eight lefler globules ‘within the 
larger; but Muller fays, that he has. counted thirty or forty of 
different  fizes. This wonderful incapfulation of it’s progeny is 
well known; indeed it often exhibits itfelf big with children and 
grandchildren. 


Leeuwenhoeck was the firft who noticéd this curious animalcu- 
lum, and depi€tedit; acircumftance which has not been mentioned 
by Baker and other microleopic writers who have deferibed it. 
It may be found in great plenty in flagnant waters in fpring and 
fammer, and in infufions of hemp-feed and tremella. 


It is thus defcribed by Mr. Baker. This fingular minute water 
animal, feen before the microfcope, appears to be exaétly globu- 
lar, without either head, tail, or fins. It moves in all direétions, 
forwards or backwards, up or down, rolling over and over like a 
bowl, {pinning horizontally like atop, or eying along {moothly 
without turning itfelf at all. Sometimes it’s motions are very 
flow, at other times very fwift; and when it pleales it can turn 
round as upon an axis very nimble, without moving out of it’s 
place. The body is tranfparent, except where the circular {pots 
are placed, which are probably it’s young. ‘The furface of the 
body in fome is as it were dotted all over with little points, and 
in others as if granulated like fhagreen. Mr. Baker thought alfo 
that in general it appeared as if it was fet round with fhort move- 
able hairs, 


By another writer they are thus defcribed.. Thefe animalcula 
are at firft very fmall, but grow fo large as to be difcerned with 
the naked eye; they are of a yellowifh green colour, globular 

5 | figure, 
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figure, and in fubfance membranaceous and tranfparent; in the 
midft of this fubftance feveral fmall globes may be perceived ; 
each of thefe are fmaller animalcula, which have alfo their 
diaphanous membrane, and contain within themfelves {till {maller 
generations, which may be diftinguifhed by the affiftance of very 
powerful glaffes. The larger globules may be feen to efcape 
from the parent, and then increafe in fize, as we have already 


obferved, 
22. Volvox Morum., 


Volvox membranaceus orbicularis, centro moleculis fphericis 
viridibus. Membranaceous orbicular, with fpherical green mole- 
cules in the center. : 


This animalculum has fome :refemblance to the volvox uva, 
but is fufficiently diftinguifhed by the furrounding bright orbicular 
membrane. The middle part is full of clear green globules. 
The globules feldom move, though a quivering motion may ,: 
fometimes be perceived at the center. It has a flow rotatory mo- 
tion, and is found amongft the lemna, in the months of Ottober 
and December. 


23. Volvox Uva. 
‘Volvox globofus, molecults fphericis virefcentibus nudis. 
Globular volvox, compofed of green {pherical gentle. which 


are not inclofed in a common hese 


This 
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This animalculum feems to be a kind of medium between the 
volvox pillula and the gonium pecttorale, being like the one com- 
pofed of green fpherules, and in form refembling the other. 


It confifts of a congeries of equal globules of a greenifh colour, 
with a bright fpot in the middle; the whole mafs is fometimes of 
a {pherical form, fometimes oval, without any common mem- 
brane; a kind of halo may be perceived round it, but whether 
this is occafioned by the motion of any invifible hairs has not 
been difcovered. The mafs generally moves from right to left, 
and from left to right; {carce any motion can be difcovered in 
the globules themfelves. It was found in the month of Augull, 
in water where the Jemna polyrrhiza was growing. Two mafles 
of thefe globules have been {een joined together. They contain 
from four to fifty of the globules, of which a folitary one may 
now and then be found. 


24. Volvox Vegetans. 


Volvox ramulis fimplicibus & dichitomis, rofula globulart ter- 
minatis. A volvox with fimple dichitomous branches, terminating 
in,a little bunch of glebules. 


It confifts of a number of floccofe opake branches, which are 
invifible to the naked eye; at the apex of thefe there is a little 
congeries of very minute oval pellucid corpufcles. Muller at firlt 
thought it to be a {pecies of microfeopic and river fertularia; but 
afterwards he found the bunches quitting the branches, and 
fwimming about in the water with a proper {pontaneous motion. 


“Many old branches were. found deferted of their globules, while 
the 
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the younger branches were furnifhed with them. It was found in . 
river water in November 1779 and 1780. 


IV. ENCHELIS. 


Vermis inconfpicuus, fimpliciflimus, cylindraceus. An invi- 
fible, fimple, cylindric worm. 


_ 25- Enchelis Vindis. 


Enchelis fubcylindrica, antice oblique truncata. Green enche- 
lis, of a fubeylindrie figure, the fore-part truncated. 


This is an opake, green, fubcylindric animalculum, with an 
obtufe tail, the fore-part terminating in an acute truncated angle; 
the inteflines obfcure and’ indiftinét. 

It is continually varying in it’s motion, turning from right 
to left. | 


26. Enchelis Punétifera. 


Enchelis viridis, fubcylindracea, antice cbtufa, poftice acumi- 
nata, Fig. 8, Plate XXV. Green enchelis, fubcylindric, the 
fore-part obtufe, the hinder-part pointed. 


It is an opake animalculum, of a green colour ; there is a {mall 
pellucid fpot in the fore-part a, in which two black points may 
be feen'; a kind of double band, cc, croffles the middle of the 
body. ‘The hinder part is pellucid and pointed; an incifion 

1S 


cod 
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is difcoverable at the apex of the fore-part, which feems to be 
the mouth. When in motion, the whole of it appears opake and 
green. Is found in marfhes. | 


27, Enchelis Defes. 


Enchelis viridis, cylindrica, fubacuminata gelatinofa. Green, 
cylindrical, gelatinous, the ends fomewhat pointed. 


The body is round, the colour.a very dark green, fo that it is 
quite opake; the fore-part is bluntly rounded. off, the hinder part 
is fomewhat tapering, but finifhes with a rounded end. From it’s 
epacity, no internal parts can be difcovered ; there is a degree of 
tranfparency near the ends. . 


It is exceeding idle, moving very llowly ; ; to be found, though 
rarely, in an infufion of lemne. 


28. Enchelis Similis. 


Enchelis obovato-epaca, Interanels mobilibus. Enchelis of an 
ege-fhape, opake, with moveable inteftines. 


It is an opake body, with a pellucid margin ; both extremities 
are obtufe, but the upper one much more fo than the under one; 
it is filled with moveable fpherules. It’s motion is generally 
quick, either to the right or the left ; its probably furnifhed with 
hairs, becaufe, when moving rapidly, the margin appears {tri- 
ated. It is found in water. chat has been kept for months. 


29. En- 
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29. Enchelis Serotina. 


Enchelis ovato-cylindracea, interaneis immobilibus. En- 
chelis partly oval, partly cylindrical, the interior parts immove- 


able. 


An oval animalculum, round, the fore-part fmaller than the 
hind-part, the margin of a black colour; it is replete with grey 
yeficular molecules, and moves flowly. 


go. Enchelis Nebulofa. 


Enchelis ovato-cylindracea, interaneis manifeftis mobilibus. 
Oval.and cylindric enchelis, with vifible moveable inteftines. 


The body is fhaped like an egg, the fore-part narrow, and 
often filled with opake confufed inteftines ; an moving, it elevates 
the fore-part of the body. It is found im the fame water as the 
eyclidium glaucoma, but is three times larger, and an hundred 
times more {carce. 


‘4, Enchelis Seminulum. 


Enchelis cylindracea equalis. Enchelis equally cylindric. 

It isa cylindrical animalculum, twice as long as it is broad, 

the fore and hind-part of the fame fize ; the inteflines in the fore- 

part are pellucid, thofe in the hinder-part obfcure. It moves by 

afcending and defcending alternately. It may be feen fometimes 
3 30 | fwimming 
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{wimming about with the extremities joined together, Found in 
water that has been kept for fome days. 


32. Enchelis Intermedia. 


Enchelis cylindracea, hyalina, margine nigricante. Cylindri- 
cal enchelis, tranfparent, with a blackifh margin. 


This animalculum forms an intermediate kind between the 
monas punctum, the enchelis feminulum, and the cyclidium 
milium. It is one of the {malleft among the animalcula. The 
body is tranfparent, it has no vifible inteftines, the fore and hind- 
part are of an equal fize, the edge of a deeper colour than the 
reft of the body; a point is to be feen in the middle of fome of 
them, in others it is as if a line pafled through the middle. 


. 


Bh Enchelis Ovulum. 


Enchelis cylindrico-ovata hyalina. Egg-fhaped tran{parent 
enchelis, 


A tranfparent, round, egg-fhaped animalculum ; “nothing is 
difcovered within fide, even by the third magnifier ; but with an - 
increafed power fome long foldings may be feen on the fuper- 
fieies, and here and there a few bright molecules. | 


34. Enchelis Pirum. 
Enchelis inverfe conica, pottice hyalina, Pear-form enchelis, 


the hinder-part tranfparent, 
| This 
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This enchelis is lively and pellucid, the fore-part is protu- 
berant, and filled with molecules, the hinder-part {maller and 
empty; it has moveable molecular inteflines. It’s motion is 
rapid, paffing backwards and forwards through the diameter of 
the drop. When at reft, it feems to have a little {welling, or 
tubercle, on the middle of the body. | 


35. Enchelis Tremula. 


Enchelis ovato-cylindracea, gelatina. Oval enchelis, cylin- 
drical, gelatinous. 


This is alfo to be placed amongft the moft minute animalcula ; 
the end of it is rather pomted, and has a tremulous motion; it 
almoft induces one to think it hasa tail. Two of thefe little crea- 
tures may at times be perceived to adhere together. It was found 
in an infufion with the paramecia aurelia, and many other ani- 


malcula. 


36, Enchelis Conftritta. 


Enchelis obovata, cryftallina, medio coarftata. Suboval en- 
_chelis, cryftalline, with a ftricture in the middle. 


An animalculum of an oval fhape, the middle part drawn in, 
as ifa {tring was tied round it, It is of a very {mall fize, and is 
found in falt water. 


»O 2 o7, En- 
ey 
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37. _Enchelis Pulvifculus. 


Enchelis eliptica, interaneorum congerie viridi. Of an elip- 
tic fhape, with a congeries of green intelftines. 


It is a round animalculum, pellucid, the fore-part obtufe, the 
hind-part rather fharp, marked with green fpots; myriads may 
fometimes -be feen wandermg about in one drop; it is found 
among the green matter on the fides of the veflels in which water: 
has. been. kept for fome time. 


98.. Enchelis Fufus.. 


Enchelis cylindracea, utraque extremitate angufliore truncata,. 
Cylindrical enchelis, both ends truncated. _ 


The body is round and: tranfparent, the fore and: hind-part 
fmaller than the reft of the body, and equally fo, the ends a little: 
truncated. In the infide a long and fomewhat winding inteftine,, 
a fky-coloured bright fluid, and. fome black. molecules. tranf{- 
verfely fituated, may be difcerned. 


It’s motions are languid; was found in pure water.. 
8 Pp 
99. Enchelis Fritillus. 


A cylindric enchelis, the fore-part truncated, 


This: 
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This is'one of the moft tranfparent animalcula; the hinder- 
part of an. obtufe convexity, the fore-part truncated. Muller 


fulpeéts that there is a rotatory organ in the fore-part. No in- 


teftines can be feen.. It runs backwards and forwards through 
the drop in a diametrical line, with a wavering motion; fome- 
times turns round for a moment, but prefently enters on. it’s. 
ufual courfé.. Is found in an infufion of grafs.and hay.. 


AO. Enchelis: Caudata.. 


Enchelis elongata, antice obtufa, poflice mm caudam hyalinam 
attenuata, Fig. 9, Plate XXV. Enchelis with a long body, the 
fore-part obtufe, the hinder-part diminifhing into a kind. of 
tail. 


The body is of a grey colour, pellueid, with globular mole- 
cules divided from each other, and difperfed through the whole 
body; the fore-part, a, thick and obtufe, the hind-part, b,. 


cryftalline and. fmall, the end truncated. It 1s but feldom. met 


with. 
41, Enchelis Epiftomium. 


Enchelis cylindrico-elongata, apice gracili fubglobofo,. En- 


-chelis with a long cylindric body, the fore-part flender andi 


roundilh,. 


Tb 


‘ 
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Tt is among the {maller animalcula; the body is cylindrical 
and bright, the hind-part obtufe, the au -part {maller, and ter- 
minating in a globule; a black line may now and then be per- 
ceived coset the middle of it. 


42. Enchelis Gemmiata. 


Enchelis cylindracea, ferie globulorum duplici, in collum 
hyalinum produéta. Enchelis with a cylindrical body, the 
upper part prolonged into a tranfparent neck, a double feriés of 
globules running down the body. It’s motion is flow, and generally 
in a ftrait line; it is found in ditch-water where the lemna thrives. 


43. Enchelis Retrograda. 


Enchelis hyalina, antice anguftata, apice globulari. Tranf- 
parent enchelis, the fore- part rather fmaller, and terminating in 


a {mall globule, Fig. 11 and 125, Plate XXV. 


It has a gelatinous tranfparent body; no vifible inteftines, 
though a pellucid globule is difeoverable near the hinder part; 
the body is thickeft in’ the middle, and grows {maller towards 
each end. It generally moves fide-ways, fometimes in a retro- 
grade manner; and if it is obftruéted in it’s motion, draws itfelf 
up as it is reprefented at Fig. 11. 


44. Enchelis Feftinans. 
Enchelis cylindrica oblonga, obtufa, antice hyalina.. Oblong 


cylindrical enchelis; the ends obtufe, the fore-part:tranfparent. 
The 
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The body is round, of an equal fize throughout, and both 
ends obtufe; more than half the length is without any vifible 
inteftines, the lower end full of veficular, pellucid, minute glo- 
bules ; a large globular veficle is alfo to be found in the fore-part; 
it moves quickly from one fide to the other, in a vacillatory 
manner. It was found in fea-water. : 


ee Enchelis Farcimen. 


Enchelis cylindracea curvata utrinque truncata. A cylindric 
enchelis, crooked and truncated at both ends. | 


The body of this is cylindrical, about four times longer than 
it 1s wide, even, truncated at both ends, the inteftines opake, and 
not to be diftinguifhed; it turns the extremities oppofite ways, 
fo as to form the figure of an S. It is to be found in water that 
has ftood for fome time, though but feldom, Joblot found it in 
an infufion of blue bottles; it moves in an undulatory manner, 
but very reat 


46. Enchelis Index. 


Enchelis inverfe conica, apicis_ altero angulo producto. En- 
chelis in the form of an inverted cone, one edge of the apex 
produced out fo as to form an angle with the other part. 


The body rather opake, of a grey colour, and of a long 
conical figure; the lower end obtufe, the fore-part thick, one 
fide of this part projecting like a finger from the edge; two very 
fmall projeCtions proceed alfo fometimes from the lower end. 


4 This 
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This animalculum has the power of retracting thefe projeCtions, 


and making both ends appear obtufe. It moves about but | 


flowly, and was found in water with the lemna minor. 


47. Enchelis Truncus. 


Enchelis cylindrica, fabcapitata. Fig. 10. Plate XXV. Cylin- 
drical enchelis with a kind of head. 


This is the largeft of this kind of animalcula; the body is, 
cylindrical, mucofe, grey, long and rather opake, the fore-part — 
globular, the hind-part obtufe. Something like: threel teeth :(c) 
may be fometimes feen to proceed from one of the fides ; it can 
alter it’s fhape confiderably. Globules of different fizes may be 
feen within the body. It rol’s about flowly trom right to lett. 


48. hae Larva. 


Enchelis elongata, medio papillula utrinque notata. A long 
enchelis, with two little nipples projeéting from the middle of the 
body, one on each fide. . 


It is long, round, and filled with grey molecules; the lore. -part 
is obtufe and pellucid ; a kind of neck, or fmall contraction, is | 
formed at fome little diflance from this end. The lower part 
pointed, about the middle of the body ‘there are two {mall 
projections, | 


AQ. En 
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7 4g. Enchelis Spatula. 

Enchelis cylindrica firiata, apice hyalino-fpatuiata. Accylin- 
drical flriated enchelis, the fore-part tranfparent, and of the 
fghape of a fpatula. 


This animalculum is perfe@ly cylindrical, very pellucid, of a 
cryftalline appearance; ic is marked with very fine longitudinal 
furrows, and has generally two tranfparent globules, one placed 
below the middle, the other near the extremity of the body; on 
-the other fide are five {malier ones, which are oval. The top is 
dilated, with the corners rounded like the {patula of the apothe- 
caries. It hasa wavering kind of motion, folding the {patula 
varioufly, yet retaining the form in general, Muller mentions 
his feeing it once draw the {patula into the body, and Keep) it 
there for two hours, when it pean appeared. 


50. Enchelis Pupula. 
A cylindric enchelis, the fore-part papillary. | 


The fore-part 1s protuber antly round, and rather opake, the 
hind-part pellucid, both extremities obtufe, furnifhed with a 
papillary finger- {haped head, the hinder- part marked with a 
tran{parent seals, or circular aperture. ‘The fore-part filled up 
with moveable molecules, which are more fcarce in the hinder- 
part. It has.a rotatory motion on a longitudinal axis, and moves 
through the water in an oblique Are cnoa, It is to be found in 
dunghill-water in November and December. 


3 | 51. En- 
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51. Enchelis. Pupa. 


Enchelis ventricofo-cylindrica, apice in papillam produ@a,. 
Enchelis forming a kind of ventricofe cylinder, with a fmall nip- 
ple proceeding from the apex. 


It is not unlike the preceding antmalculum, but is much larger ; 
the anterior end not fo obtufe, the nipple gradually formed from 
the fore-part, all but this end is opake, and filled with obfcure 
particles: it has no tranfparent circle, as was obferved in the en- 
chelis pupula. It is exceeding flothtul. 


Vv. Vil Bere, 


Vermis inconfpicuus, fimpliciflimus, teres, elongatus, Am 
invifible worm, very fimple, round, and rather long. 


or Vibrio Lineola. 
Vibrio linearis minutiffimus. Very {mall linear vibrio.. 


This is one of the moft minute animalcula, furpafling in flen~ 
dernefs the monas termo. The greateft magnifier exhibits little 
more than atremulous motion of myriads of little oblong obfcure 
points. Ina few days it almoft fills the whole fubftance of the 
water in vegetable infufions, 


83. Vibrio 
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53. Vibrio Rugula. 
Wibrio linearis flexuolus. Vibrio like a bent line. 


Myriads of this fpecies may be found; it is between the vibrio 
lineola and the vibrio undula. 


It appears as a little line, which is fometimes drawn up in an 
undulated fhape, and moves backwards and forwards in a ftrait 
line, often without bending the body at all. 


54: Vibrio Bacillus. 


Vibrio linearis, equalis utrinque truncata. Linear vibrio, 
equally truncated at both ends. 


This is an exceeding {mall creature, but viftble with the third 
dens; ima certain pofition of the light tranfparent. It is gelati- 
nous, and not half fo large as the monas lens, though fix, and 
fometimes ten times longer; it 1s every-where of an equal fize, 
and has no vifible inteftines; it’s a€tion is languid, the ferpentine 
flexures of the body are with great difficulty perceived. 


Muller made two infufions of hay in the fame water, and at the 
fame time in the one he put the hay whole, in the other it was 
cut in fmall pieces; in the firft there was none of the vibrio bacil- 
lus, but many of the monas lens and kolpoda cucullus; in the 
latter, many of vibrio bacillus, and few of the mone. 


Pig 55. Vibrie 
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55. Vibrio Undula. 
Vibrio filiformis flexuofus, A filiform flexuous vibrios. 


A perfeét undulating little line, round, gelatinous, without any 
wifible inteftines. It is never ftrait; when at reft it refembles the 
letter V, when in motion the letter M, ora bending line like that 
which geefe form in their flight through the air ; it’s motions are 
fo rapid, that the eye can {earce follow them. It generally relts. 
upon the top of the water, fometimes it fixes itfelf obliquely by: 
one extremity, and whirls itfelf round. | 


This is the little creature that Leeuwenhoeck fays exceeds im 
flendernefs the tail of the animalculum feminale, which he has: 
defcribed in Fig. 5, Epif. Phyf. 41, being an hundred times lets. 
than a muftard-feed, and on which he makes the following very juft 
ebfervation : That as thefe very {mall animalcula can contratt 
and varioufly fold their little tails, we muft conelude that tendons: 
and mufcles are as neceflary to them as to other animals; if to 
this we add the organs. of fenfation, and thofe of the inteftines,, 
the mind is loft in the aftonifhment which arifes from the im- 
preflion of infinite, m the indefinitely {mall.. 


50. Vibrio Serpens:. 


Vibrio filiformis, ambagibus in angulum obtufum produétis, A. 
filiform vibrio, the windings or flexures obtule. 


A flen-- 
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A {lender gelatinous little animal, in the form of along ferpen- 
tine line, all the bendings being nearly equal in fize, andat equal - 
diftances; it generally moves in a {trait line; an inteftme may be 
difcovered down the middle. It is to be found in river water,. 


{ 


but is not commonly to be met with. 
57. Vibrio: Spirillum.. 


\ 
Vibrio filiformis, ambagibus in angulum acutum tornatis.. 
Filiform vibrio, twifted fomething like a {piral wire, or cork- 
{crew ; the bending acute. | 


It is an exceeding minute fingular little creature, twifted in 2 
fpiral form ; the fhape of thefe bendings remains the fame even: 
when the animal is in motion, not oceafioned by any internal 
force, but are it’s natural {hape. It moves generally in a ftrait 
line, vibrating the hind and. fore-part. It was found in. 1782, in: 
an infufion of the’ fonchi arvenfis. 


58. Vibrio Vermiculus. 


Vibrio tortuofus gelatinus. This little vibrio is twifted andi 
gelatinous. 


The body is white, or rather of a milky appearance,. cylindric, 
long, the apex obtufe, rather growing {maller, and twifted 
towards the hind-part. It’s motion is languid and undulatory,, 
like that of the common worm; it fometimes moves quicker, but 
with feeming labour. When it bends itfelf alternately from one 
fide to.the other,. a black long line may be difcovered, fometimes: 

A: CH. | whole;, 
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whole, fometimes breken : when at reft, 1t occafionally twifts inte 
various folds. | 


fi may be obferved eafily with the firft lens of the fingle micro- 
{cope, and is probably the fame animalculum mentioned by 
Leeuwenhoeck in all his works, as found in the dung of frogs, 
and in the fpawn of the male libellula. It is to be found in 
marfhy water in November, though but feldom. 


59. Vibrio Inteflinum. 


Vibrio gelatinolus, teres, antice anguftatus. This vibrio is 
gelatinous, round, the fore-part {mall 


It is cylindric, milk-coloured, and flender towards the top, 
both ends obtufe; ‘no traces of inteftines to be difcovered, though 
four or five fpherical eggs are perceived at the extremity of the 
hind-part. It can draw the fore-part fo much inwards as to give 
it a truncated and dilated appearance, fomething like a {patula. 
It's motion is flow and progreflive. They are found in marfhy 
waters. 


60. Vibrio Bipunctatus. 


Vibrio linearis, zequalis, utraque extremitate truncata, globulis 
binis mediis. Linear vibrio, of an equal fize throughout, both 
ends truncated, and two {mall globules in the middle of the body. 

It is of a {mall fize, and rather lefs than the following antmal- 


culum, the body of a pellucid talc-like appearance, the fore and 
hind- 
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hind-part truncated; in the middle are two (fometimes there is. 
only one) pellucid globules, placed lengthways. It moft com- 
monly moves forwards in a ftrait line; it’s movements are flow.. 
It was found in. ftinking falt water.. 


61. Vibrio Tripunttatus. 


Vibrio linearis, utrinque attenuatus, globulis tribus, extremis 
minoribus. Linear vibrio, both the ends {maller than the mid- 
dle, furnifhed with three globular points, the two which are at 
the extremities being fmaller than that at the middle. 


The body is pellucid, taley, each of the ends rather tapering, 
furnifhed with three pellucid globules, the middle one 1s’ the 
largeft, the {pace between thefe globules is generally filled with a 
green matter ; in fome there is nothing of the green fubftance 
near the extremities, but only about the middle. It feldom. 
moves far, and then it’s motion is re@lilinear, backwards and 


forwards.. 


62. Vibrio Paxilifer. 
Vibrio flavefcens paleis gregariis multifariam. ordinatis, Fig, 
19, 14, 15, PlateXXV. Yellow, gregarious, ftraw-lke vibrio.. 


This is a wonderful animalculum,, or rather a congeries of ani- 
malcula. It is invilible tothe naked eye, and confifts of a tran!{- 
parent membrane, with yellow inteftines, and two or three vifible 
points; they are generally found collected together in different 

| : | parcels,. 
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parcels, from feven to forty 1 in number, and ranged in a variety 
of fesiath fometimes in a ftrait line, as in Fig. 14, then este 
the concave Figure 19, at others moving in a zig-zag direCtion, 
as in Fig. 15; when at reft, they are generally in a quadrangular 
form, and found in great plenty with the ulva latiffima. 


As this animalculum feems to have fome affinity with the hair- 
like anima! of Mr. Baker, | think the reader will be better pleafed 
to fee his defcription of it introduced in this place, than to have it 
raifed into anew and diftin& {pecies. 


This little animal is extremely flender, and not uncommonly 
one hundred and fifty times longer than broad. It’s refemblance 
to an hair induced Mr. Baker to call it the hair-like infect. The 
body, or middle part, which is nearly ftrait, appears in fome 
compofled of fuch parallel rmgs as the windpipe of land animals 
confifts of, but feems in others fcaled, or rather made up of rings 
that obliquely crofs each other. It’s two ends are bent, or 
hooked, pretty nearly in the fame degree, butin a direction con- 
trary. each to the other; and as no eyes can be difcerned, it is 
di — to judge which is the head or tail. 


It’s progreflive ae differs from that of all animals hitherte 
deferibed, for notwithftanding the body is compofed of many 
rings and joints, it feems unable to bend them, or move diréftly 
forwards; but when it is inclinable to change it’s quarters, it can 
move from right to left, or left to right, and proceed at the fame 
time backwards or forwards obliquely; and this it performs by 
turning upon one end asa center, and defcribing with the other 
the squaniee ofacircle, then it does the fame with the other end, 


and 
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and fo alternately, whereby it’s progreffion is in a diagonal line, 
‘or from corner to corner; as whoever will take the trouble to 
fhift the points of a pair of compafies in that manner, may imme- 


diately be fatisfied. 


All it’s motions are extremely flow, and require mich patience 
and attention in the obferver. It has neither feet, nor fins, nor 
hairs, but appears perfectly fmooth and tranfparent, with the 
head bending one way, and the tail another, fo as to be like a 
long Italic §; nor is any internal motion, or particularly opake 
part, to be perceived, which may determine one to fuppole it the 
ftomach, or other of the inteftines. 


Thefe creatures are fo fmall, that millions of millions might be 
contained in an inch fquare. When viewed fingly, or feparated 
from one another, they are exceedingly tran{parent, and of a 
lovely green; but, like all other tranfparent bodies, when num- 
bers of them are brought together they become opake, and _lofe 
their green colour in proportion as the quantity increafes, till at 


lait they appear entirely black. 


Notwithftanding the extreme minutenels of thefe animalcula, 
they feem to be fond of fociety; for on viewing! for fome time 
a parcel of them taken up at random, they will be feen to difperle 
themfelves in a kind of regular order. Ifa multitude of them are 
put into a jar of water, they will form themfelves into a regular 
body, and afcend flowly to the top, where, afier they have re- 
mained fome time expofed to the air, their green ‘colour changes 
to.a beautiful fky-blue. When they are weary of this fituation, 

3 0 they 
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in 


they form themfelves into a kind of rope, which flowly defcends: 
as low as they intend. 


A {malt quantity of the matter containing thefe creatures having 
been put into a jar of water, it fo happened, that one part went 
down immediately, to the bottom, whilft the other continued float-. 
ing on the top. Atter fome time, each of thefe {warms of animal- 
cula.began to grow weary of its fituation, and had a, mind to 
change it’s quarters. .Both armies, therefore, fet out at the fame: 
time, the one proceeding upwards, and the other.downwards; fo. 
that after fome hours. journey they met in the middle. A  defire 
of knowing how they would behave on this occalion engaged the 
obferver to: watch them carefully, and to his furprize he faw the: 
army that was marching upwards open to. the right. and left, to. 
make room.for thofe that were defcending. ‘Thus without con- 
fufion or.intermixture, each held on it's way, the army. that was. 
going up marching in two columns to the top, and the other pro-. 

ceeding in.one column to the bottom, as if. each had been under- 
the direGtion of wile leaders.. | 


63. Vibrio Lunula: 


‘Vibrio arcuatus, utraque extremifate equali, Fig. 16. Bows. 
fhaped vibrio, both-ends of an equal fize. 


The body refembles much the fhape of the moon at: the ficit' 
quarter; it is of a green colour, and has generally from feven to» 
ten globules difpofed lengthways ; the {maller ones are of avery: 
pale colour, a pale green vacuity may, fometimes be. feen in the 
middle: fome little varieties. may be obferved amongft them,, 

which: 
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which are not ealy to be deferibed; it will be enough to have 
given the reader their general and diftin guifhing characteriflics. 


64. Vibrio Verminus. 


Vibrio linearis compreffus, antice quam poflice anguflier. 
Linear compreffed vibrio, the fore-part narrower than the hind- 
part. . | 


A round tranfparent animalculum, or rather a long cryltalline 
membrane, the hind-part broader than the fore-part, the apex 
fubtruncated, the bafe obtufe, no perceptible inteftines, in the 
--middle are two fpherical veficules, and a third towards the lower 
edge. It moves quickly, with an undulatory motion, backwards 
and forwards; they feem to be joined in a very fingular manner, 
‘and are found in great plenty in falt water that had been kept 
fome days, and was foetid. ; 


65. Vibrio Malleus. 


Vibrio linearis bafi globuli, apice linea tranfverfa, A linear 
vibtio, with a globule at the bafe, and tranfverfe line at the apex. 


This is a fis pellucid animalculum, refembling the letter Ty 
with a globule affixed to the baie. 


It is in motion and at refi every moment alternately ; when in 
motion it refembles the letter V, when at reft the letter T. They 


are found plentifully in fpring water. 


aoe | 66. Vibria 
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- 66. Vibrio Acus. 


Vibrio linearis, colli, apice obtufo, cauda fetacea. Linear vibrio,. 


with aneck, the upper extremity obtufe, the lower one terminat- 
~ ing in a fetaceous tail. 


This vibrio is of the fhape of a fewing needle; the neck round, . 


partly tranfparent, and marked in the middle with a red point ; 


the trunk cylindrical, the edges obicure, the middle bright, and 


nearly of a triangular appearance, the tail is fine likeabriftle. A 


motion may be obferved in the infide of this little creature. It 


does not bend the body when.in motion. 


67, Vibrio: Sagitta. 


Vibrio fublinearis, colli, apice truncato. atro, cauda fetacez 
Somewhat linear in it’s appearance, a well-marked neck, the aay 
truncated and open, the tail fetaceous. 


The body is very long and flexible, broadeft towards the mid- 
dle, which is alfo filled with grey molecules; the fore-part is 
drawn out into a ftrait tranfparent neck, the upper end of it 
thick and black. The motion of this animalculum feems to be 
produced by the contraétion and extenfion of the neck. It is, 
found in falt water. — . 


68. Vibrio: 
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: 68. Vibrio Gordius. 


Vibrio equalis, caude apice tuberculato. Vibrio of an equal 
fize throughout, the tail terminated by a little tubercle. 


A round animalculum; the fore-part for about one-fixth 
of the whole length is tranfparent, and furnifhed with a fky- 
coloured alimentary tube; the lower part is bright and pointed, 
the middle full of {mall globules; a {mall knob terminates the 
tail. Found-in an infufion made with falt water. 


69. Vibrio Serpentulus. 


Vibrio equalis utrinque fubacuminatus. This vibrio is of an 
equal fize, rather pointed at both ends. 


It is very fimilar to: the vibrio anguillula, differing principally: . 
in the fhape of the ends, which in this are pointed. It does not 
adhere to objets by the pointed tail; it is furnifhed with a long 
row of the moft minute points. 


It’s motion is ferpentine, fometimes to be met with perfe€tly 
frait and ftill, and is found in mfufions of vegetables alter fome 
weeks ftanding ; it is of a whitifh colour, the whole body is fre- 
quently convoluted, and drawn into different figures. 


70, Vibrio: 
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470. Vibrio Coluber. 


Vibrio filiformis, feta.caudali geneculata. Fuiliform vibrio, the 
tail fetaceous, and bending up nearly to form a right angle with 


the body. 


In this vibrio the mouth, the oefophagus, the molecules in the 
inteftines, .and the twifting thereof, are very confpicuous. The 
tail is exceeding {mall, and bent fo as to form a confiderable an- 
gle with the body... It is found in river water. - 


| 71. Vibrio Anguillula. 


Vibrio zqualis fubrigidus. Vibrio of an equal fize through- 
‘out, and fomewhat hard. 


This animalculum may be divided into four varieties, if not 
diftinét f{pecies, namely, the anguillula aceti, glutinis farinofi, 
aque: dulcis, et aque marini. 


Anguillula Aceti. Vinegar Eel. 


Chaos redivivum, Lin. Syft. Nat. 1996. 
Leeuwenhoeck Op, Omn. p. 3, n.1, f, 1, @. 
Joblot Obf. Micr. 1, p.2, pl. 2. 
Hook’s Micr. p. 25, fig. 2. 
Borelli Obf, Mier. 1, p. 7. 
i Power's: 
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. Power's Micr. Obf. p. 38. 
Baker’s Empl, for Micr. p. 10,. fig. 8 and. Qn 
-Micr. Expl. p. 81, ‘pl. 5, fig. 10. 
Adams Micr.Iluf.. pl. 32, fig..197, A,.B, ©,D. | 
Rozier Journal Phyfique, Mars 1775, Janv. & Mars 1776. 
Spallanzani Opus, Phy. part 1,. p..83.. 


Anguillula Glutinis. Pafte Eel.. 


Chaos redivivum, Lin. Syft. Nat.. 1326.. 
Ledermuller Mier.. 

Baker Micr. Exp. ps 82 

Roz. Journal Phyfique, Mars 1775;. Mars 1776s. 
Adams Micr. Iluf,. 


The body is filiform, or like a thread, round, pellucid, replete: 
with little grains in the middle, both extremities very pellucid and 
empty, the fore-part a little truncated, the hind-part terminating 
in a very fhort briftly point. It is the fame in every age and fize.. 


Anguillula Fluviatalis. 

Corculum vermiculo-fimile Lin. amen (mund, invis).. 

Needham Micr. p. 99, pl. 5, fig. 7- 

Baker. Micr. Expl. p. 80, pl..5, Bg. 9. 
- Anguille vulgaire, Rozier Journal Poy haves 1975:- 
“Mars, Nov. 1776. 

Ibid, anguille du bled Rachitique. 

Ibid, anguille du faux ergot. 


Spallanz. Opufc..Phyf, part 2, page 354; pi.5, fig. 10- 
The 
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The body of this is exceedingly tranfparent; no vifible entrails, 
though a few tranfverfe lines may be difeovered on the body. - It 
is fometimes, though rarely, furnilhed with a long row of fittle 
globules, and often with two fmall oval ones; the tail terminates 
ima pot. 


Muller fays he found thefe eels in the fediment which is formed 
by vegetables on the fides of vellels in which water has been kept 
for fome time. 


The eels of pafte have been more diftinguifhed than mof other 
animalcula, as well on account of the various {fpeculations and 
theories to which it has given rife, as their many curious proper- 
ties. Four different Ipecies of eels may be found in pafte; of the 
firft, which has been defcribed very briefly in page 511, we hall 
now give a more particular defcription. To be certain of pro- 
curing thele eels, boil fome flower in water, to which you have 
added a few drops of vinegar, provide an earthen pot which has 
a hole at the bottom, fill it with earth, and then put the pafte im ~ 
a piece of coarfe cloth, and bury it in this earth; the pot is to be 
expofed to the fun in the fummer, or kept in a warm place in the 
winter ; by this means you will very feldom fail of finding in ten 
or twelve days a large quantity of eels in the pafte. 


This eel, when at it’s full growth, is about one-tenth of an inch ie 
long, and rather lef§ than one-hundredth of an inch in diameter: — 
Fig. 6, Plate XI. reprefents one of thefe eels magnified about 
one hundred and twenty times, only compreffed fo much between 
two plates, by means of an adjufting ferew, as not’ only to pre- 
went it from moving, but to lengthen and flatten it in a {mall 
A | degree. 
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degree. At the upper part there are two little moveable pieces, 
or nipples, a a, between which an empty {pace @ is formed, that 
terminates in the mouth; the hinder-part is round, but there 
projetts from it a fhort fetaceous tail w; in the young céls the 
termination of the tail is not fo abrupt as in the prefent fpecimen, 
but it finifhes by a gradual diminution. There is probably a vent 
near z, for the pafflage of the excrements; becaufe when that 
part has been gently prefled, two or three jets, of a very fubtle 
fubftance, have been obferved to iflue from it. Ifthe preflure 1s 
increafed, a {mall bladder will be forced out, a further compreflion 
burfts the bladder, and the bowels are forced through the 
opening. 


A greater degree of magnifying power is neceflary to obtain an 
exact idea of the vifcera of thefe eels. Fig. 10 reprefents the 
alimentary duct (further magnified) from it’s origin to the belly. 
It is fhewn here as feparated from the animal, which 1s eafily 
effected; for nature, affifted by very little art, performs the 
operation. The oefophagus, bc, Fig. 6 and 10, at it’s origin 
aa, is very fmall, but foon grows larger, as at c, and forms a 
kind of oblong bag, cd; the diameter of this increafes till it 
comes to d, where it fwells out as at def; it then grows-imaller 
till it comes to g, when it again {wells out asg kl. There is a 
narrow neck at 1, which in it’s natural ftate is feen in the bag k 1. 
The part k | is the ftomach. M. Becli has fhewn, that the ali- 
mentary duct of many fpecies of worms 1s formed of two bags, 
one of which is inclofed within the other. It is the fame with 
this animalculum ; the little veflel b c, that we have called the ~ 
oefophagus, which is the origin of the bag cd, enters into the 
fame bag, and preferves it’s form within it, till it comes to m, 

pis thee from 
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from whence it is prolonged in the form ofa black ine mnn, 
which pafles by the axis of the duét e¢ h, and apparently. ter- 
minates itfelf at the beginning of the abdomen k. To this tube, 


near the center of the {welling g hi, are fixed two {mall ‘tran, \ 
parent bodies; that end of thefe which is conneéied with the tube © 


_isround, the other end is pointed; thefe {mall pieces cannot be 
difcerned in every eich of the eel. 


We mutt now thew how this du& is. to be forced out of the 


eel, The body, when comprefled, generally burfts either at the 


head or tail, and always at that part which 1s leaft prefled; hence 


when the mafs of fluids contained in the body is forced towards 
the anterior part, they meet with a refiflance in palling from the 
abdomen to the duét already defcribed; the abdomen being 
forced by the fluids which are made to aét againgt i it, burfts at the 


upper part, and the fluids ftriking againft the neck g h1, force it,’ 


with all it’s contents, out of the body, through an opening at 
the anterior part; on leflening the preflure, the bowel, thus dif- 


charged, will float in the water between the two plates of glafs. 


Not to enter into a detail of thofe parts which have been fup- 
poled by fome writers to conftitute the heart, &c. of. thefe 
minute. animalcula, it will be fufficient here to defcribe thofe in 
‘which motion may be difcovered, and to leave the reft to future 
* obfe eryations on the fubject. The parts which may be feen im 


motion w ithin thefe minute creatures are, 1, the fmall tu ibe, or 


duét, from ‘it’s origin at m, to the two appendages ; 2. thefe 
appendages themfelves; 3. the remainder of the tube, from the 
appendages to the infertion at the ventricule k; 4. in the fwell- 


mg gk. The reft of this duét, from. the beginning by the 


fopha- 
A | oelopha. 
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oefophagus bc, tothe fecond {welling, -has no motion. . There is 
a variety in the motions of the Girft part of this dud, fometimés. 
wt dilates and contracts, at-other times-it has an ofcillatory motion, 
It is dificult to gain a good view of the appendages, but when 
the pofition of the Sie tentine is favorable, they feem to have 
a two-fold motion, by which the pointed ends approach to, and 
then feparate from.each other, and another by which. they move 
up and down, The part gk1 moves backwards and forwards 


alternately, the motion of each of thefe parts is independent of 
the reft. Thefe are the principal parts, whofe motion is conneét- 


ed with the life of the animal, 


’ The other vifcera that ave contained in aie body of the eel, 


~ and which may be obferyed by the aid of the microfeope, are the 


vefiels which contain the food, thofe which are filled with a trant 
parent fubfiance, and the womb, or ovary. The firft form the 
abdomen and inteftines; thefe are filled with a black fubftance, 
which prevents their being properly and clearly diftinguithed ; 


thefe veflels, in their paflage through the pofterior part of the 


body, form:an empty {pact, in which we may perceive that one 
fide of the animalculum is occupied by the ovary qqq, which 

uns from j to wx; it 4s at thefe two extremities of the. ovaries: 
that the eggs Beale to be formed, for the largett eggs are always 
to be found in the middle, and the {mall left at the ends, as may 


‘be f feen at j i and u x. 


ll the eels aihigh bear eggs. have two protuberances, y y, 


«formed on the eXterior part, near the center of the ovary; it ap- 


pears like a tranfparent femicircular membrane, but is really a 


kind of hernia, or bag, in which one or two eggs may be fome- 
aie | WY Ve estes 
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times feen; all the larger eels have this appendage, which alfo 
bears the marks of having been burft. Now as the younger eels 
have not this appendage, nor any marks of a rupture, we may 
reafonably conclude that it is from hence that the little eels iffue 
from the parent. | 


In the latter part of the year, and during the winter, thefe eels 
are oviparous, and the young eels may be feen to proceed from 
the egg; at other times they are viviparous, fix live eels have 
been feen at one time in the belly of the parent, twenty-two éggs 
have been counted in the ovary. M. Muller fufpeéted that there 
was a difference of fex in fome of thefe animalcula, but it was. 
left to M. Roffredi to afford the proof, and it was only from 
a variety of repeated obfervations that he could allow himfelf 
to be convinced of this truth. He continued his refearches upon 
the fame fubje€t on other microfcopic eels, and has fince been 
able to diftinguifh the fexual parts of the vinegar eels. « 


The next eel we fhall defcribe is the eel of vinegar, Fig. 7, 
and that becaufe it is oviparous and viviparous ; like the pre- 

ceding it is filiform, but in other refpeéts they differ confiderably. 
It is longer, not near fo large, the tail is fmaller, and more 
tapering than that of the pafte eel; it moves with much greater 
eafe, and is more lively. We may obferve in {mall, at the tail of 
this eel, what may be feen at large at the beginning of the viper’s 
tail, a little kind of tongue ab, which fometimes adheres to the 
{kin, at other times is feparated from it. An alimentary dutt may 
be eafily difcovered, but no other inteftines can be difcerned, 
without deranging altogether the organization of the animalculum. 


The 
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The fecond f{pecies of pafte eel is oviparous. It is eafily 
diftinguifhed from the firft kind, by being much fmaller; it is 
reprefented at Fig.8. ‘Tne conformation of the alimentary duét 
and the inteftines are in general nearly the fame, though an intel- 
ligent obferver will find out fome fpecific differences. By 
the flexion of the inteftines ccc, a void fpace is left a little be- 
yond the middle of the body, where the eggs are collected. 
There is no exterior protuberance near the ovary, as in the pre- 
ceding one, but a {mall hole, ], may be difcovered, near which are 
placed two little tubercles f f, though they are very feldom to be 
obferved without comprefling the animalcula. 


We meet with another eel in pafle, which may with reafon be 
called the common eel. It is often to be found in grains placed 
in the earth, in which the germ is deftroyed, in the roots and 
{tems of farinaceous plants, in the tremella of Adanfon, and in 
feveral fpecies of conferva, as well as in feveral infufions. This 
eel, when at it’s full growth, .1s rather longer than the common 
eel of blighted wheat; one of them 1s reprefented at Fig. 11. 

They are eafily diftinguifhed from the eels of blighted wheat, be- 
caule they have no ranges of globules like it, by the two little 
protuberances which are near the middle of the body, and by the 
regular diminution of the tail. It is oviparous. ; 

A very fmall {pecies, reprefented at Fig. 9, may alfo be found 
in paile; they may be diftinguifhed-from the young eels of the 
larger fort by their vivacity and flendernefs, 


Or 
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Thefe animalcula were difeovered by Mr. Needham, and 
defcribed by him in a work entitled New Microfcopical Dif 
coveries, They are not lodged in thofe blighted grains which - 
are covered ex ternally with a foot-like duff, (whofe infide is often 
alfo little more than a black powder) but abundance of ears may 
be oblerved ‘in fome fields of corn, which have grains that appear — 
blackifh, as if {corched : thefe, when opened, are found to’ con® 
tain a foft white PPTs, that, when attentively examined, looks 
like a congeries of threads, or fibres, lying as clofe ‘as potlible to 
each other in a parallel direétion, and much refembling the un- 
ripe down of fome thiftles. © This fibrous matter doés not difcover 
any figns of life or motion, unlefs. water be applied to it; the 
fibres then feparate, and prove themfelves to be living creatures. 


Thefe bi are in general of a large fize, and may be feen with. 
a common magnifying glafs, being about one-thirtieth of an inch 
in length, and one hundred and fortieth broad. Fig. 5 reprefents 
“one at them magnified about one hundred and twenty times ; 
they « are in Ci of a bright chefnut colour, the extremity ab 
is whiter Wl more tranfparent than the reft of the body. The 
‘end a is rather round, the end bis pointed. A diftinguifhing 
mark of thefe little creatures is a ‘row of tranfparent globules, 
which are placed at intervals through the whole length of the 
body, beginning at b, where the tranfparency of the fore-part 
ceafes, and going on to the extremity c. They are in diameter 
rather lefs than one- “third of the supe Another peculiar mark 


is > 


* Bléd avorti. | 


‘be in a great meafure falfe. 
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fs a fmall lunular tranfparent {pace c near the middle of the 
body. This part is tranfparent, and is free from the coloured 
matter of the mteftines; there is a neck in the inteftines near 
this fpace, which confines them to one part of the-body. 


Great care fhould be taken by the bier ve not to, burft the 
fkin of the eels in difengaging them from the grain, for they 
never break or burft of themfelves; but if broke, rane inteflines, 


filled with a black matter, rufh out. of the body, from which 
little black globules are difengaged, which fwim flowly about'the 
water, but without any pbintiple of mternal motion ; when th 

‘obfervation is made, immediately’after the grains proceed ane 


‘the eel; but if the eels that are broke are left long im the water, 


‘the fame phznomena will take place, as in other animal and 
«vegetable infufions. It is owimg to not properly attending to 


‘thefe circuimftances, that we may attribute many of the fanciful 
‘pofitions of M. Needham, which were deduced from ill-conduéted 


‘experiments, and which, when properly examined, are found to | 


= 


M. Roffredi fowed fome of the grains of this wheat, which} 
fprang up ; but the ear was either wholly or m a great part . 
foiled, being filled with thefe eels. He alfo found them in other 
parts of the plan: to difengage them from the plant, it muftbe 
foaked in water, and then bbipaedets a little. At firlt fight thefe 


“eels feem to réfemblethe foregoing, but a more accurate infpec- 
tion fhews that they have not. the fame curious difpofition of the 


"ternal globules, nor the fame tranfparent place in the middl 

‘of the body. The inteftinal bag leaves indeed in thefe.an em se 

fpace, but it is of an sade temitine aetat en: The animalcula from 
) | | the 
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the plant are much more lively than thofe which are procured 
from the dried grains. tk 


The principal phenomena of this kind of blighted wheat is 
probably owing to thefe animalcula, who prevent the regular cir- 
culation of the fap. They increafe in their fize in a certain pro- 
portion to the plant, fo that at laft they may be obferved with 
great eafe by the naked eye, being two-tenths of an inch long, 
and nearly one-tenth in diameter. Fig. 4 reprefents one of thefe 
magnified nearly in the fame proportion as Fig. 5 ; a a the ovary, 
which may be traced almoft from the lower extremity to the mid- 
dle of the body, where the body becomes fo opake as to prevent — 
it's being feen any further. The eggs, when arrived at their full 
growth, are nearly of a cylindric fhape, both ends rounded; 
towards the extremity b there are two little protuberances d d, 
through which the eggs are moft probably extruded; thefe pro- 
tuberances are not always vifibie. The eggs are formed of a 
fine tranfparent membrane; it. covers the young eel, which is 
folded curioufly therein; thefe eggs may ofien be found in the 


plant. 


A moft fatisfa€tory view of thefe eels is obtained by examin- 
ing them with the folar micro{cope ; it affords one of the moft 
furprizing and magnificent fpeétacles; two generations may be 
often feen, one which draws near the allotted period of it’s exift-- 
ence, and another whick only begins to enjoy the bleffings of 
life. Some arrived at their full growth, others quite fmall, &c. 
In fome we may perceive the young animalcula in motion in the 
eggs, in others no fuch motion can be obferved; with a variety 

. of | 
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of other circumftances too tedious to enumerate, though they 
afford great pleafure to the {pectator. 


One of the moft remarkable circumftances in thefle animalcula 
is the faculty they have of receiving again the powers of life, 
after having lo:tthem for a confiderable time; for inflance, when 
fome of thefe blighted grains, that_have been preferved for many 
years, have been foaked in water for ten or twelve hours, you 
will find in it living eels of this {pecies; if the water evaporates, 
or begins to fail, they ceafe to move, but ona freih application 
will be again revived. 


It may be proper to notice here, that aceording to the obler- 
vations of M. Roffredi, thofe eels which have done laying of 
eggs are incapable of being refufcitated upon being moiftened ; 
the fame feems to be alfo the cafe with thole that are very young ; 
it is probable they muft attain a certain age and degree of {trength . 
before they are endowed with this wonderful faculty. 


In the month of Auguft, 1749, a fmail parcel of blighted 
wheat was fent by Mr. Needham to Martin Folkes, Efq. Prefident 
of the Royal Society, (with an account of his then new dit- 
covery) which parcel the prefident was pleafed to give to Mr. 
Baker, defiring him to examime it carefully; in order fo to do, 
he cut open fome of the grains that were become dry, took out 
the fibrous matter, and applied water to it on a flip of elafs, but 
could difcern no other motion than a feparation of the fibres or 
threads, which feparation he imputed wholly to an elafticity in 
the fibres; and perceiving ne token of life, after watching them 
with due care, and repeating the experiment till he was weary, 


Oh. an 
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an account thereof was written to Mr. Needham, who having, 
by trials of his own, found out the caufe of this bad fuccefs, ad- 
viled him to fteep the grains before he attempted to open them ; 
‘on doing which, he was very foon convinced of his veracity, 
and entertained with the pleafing fight of this wonderful pha- 
nomenon. Atdifferent times after this, Mr. Baker made ex- 
periments with grains of the fame parcel, without being once 
difappointed. He foaked a couple of grains in water for the 
{pace of thirty-fix hours, when believing them fufficiently 
moifiened, he cut one open, and applying fome of the fibrous 
fubftance to the microfeope in a drop of water, it feparated im- 
mediately, and prefented multitudes of the anguille, without the 
leaft motion or fign of life; but being taught by experience that. 
they might notwithftanding pollibly revive, he left them for about 
four hours,. and then examining them again, found much the 
greateft number moving their. extremities pretty brifkly,and in. 
an hour or two after they appeared as lively as thefe creatures 
ufually are.. Mr. Folkes,. and fome other friends, were witnefles. 
of this experiment. We find an inftance here that life may be: 
fufpended, and feemingly deftroyed; that by an exhalation of 
the fluids neceflary to a hving animal, the circulations may 
ceafe, all the organs and vellels of the body may be fhrunk up,. 
diied, and hardened; and yet, after a long while, life may begin. 
anew to a€tuate the fame body, and all the animal,motions and: 
faculties may be reftored, merely by replenifhing the organs and. 
veflels with a frefh fupply of fluid. Here is a proof that the ani- 
malcula in the grains of blighted wheat can. endure having their 
bodies quite dried up for the {pace of four years together, without- 
being thereby deprived of their living power. ‘ 


Te 


- 


MricroscopicaL Essays. 523 


It appears plainly from the foregoing experiments, that when 
the blighted grains of wheat have been kept a long time, and the 
bodies of thefe animalcula are confequently become extremely 
dry, the rigidity of their minute veffels requires to be relaxed very 
gently, and by exceeding {low degrees ; for we find, that on the 
application of water immediately to the bodies of thefe animal- 
cula, when taken from the dry grains, they do not fo certainly 
revive as they do if the grains themfelves be either buried in 
earth, or fteeped in water for fome time before they are taken 
out: the reafon of which moft probably is, that too fudden a re- 
laxation burfts their delicate and tender organs, and thereby 
_renders them incapable of being any more employed to perform 
the aétions of life; and indeed, there are always fome dead 
ones amongft the living, whole bodies appear burften, or 
lacerated, as well as ee that lie extended and never come to 
life. F 


Some difcretion is needful to adapt the time of continuing the 
grains in water or earth, to the age and drynefs of them; for if 
they are not opened before they have been too much or too long 
fottened, the animalculum will not only feem dead, but will really 
be fo. Of the two grains he mentions to have been four years 
old when put to foak, he opened one after it had lain thirty-fix 
hours, and the event was as already related: the other was let lie 
for above a week, and on opening found all the anguilla near the 
hufk dead, and feemingly in a decayed condition; but great 
numbers iffued alive from the middle; and moved themfelycs 
brifkly.. Unlefs the hufks are opened sto let thefe creatures out 
after they have been fteeped, they all inevitably perifh ; and when 
taken out and preferved in water,. if the hufks are lelt with them 


38 2 ; they 
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they will die in a few days; but otherwife, they will-continue: 
alive in water for feveral months together, and, fhould the watez 
dry away, may be revived again. by giving them.a frefh fupply.. 


As the eels in pafte are arr obje€t which are fo often exhibited. 
in the microfcope, it will be proper, before we leave this fubjeét, 
to.inform the reader how he may procure the young eels from 
the parent animalcula,. a difcovery. which was originally made by. 
Mr. Sherwood, but more particulasly, purfued. and defcribed. by 
Mr. Baker. ‘Take up a very fall quantity of pafle where thele 
ecls abound.on the point of a pin, or with a fharpened quill; lay 
it.on a flip of glafs, and diluting it well.with water, many of them 
will become vifible to the naked eye; then-with the nib of a pen, 
eut to.a very fine point, and fhaved: fo thin as to be extremely 

pliable, fingle out. one of the largeft eels, and: infinuate: the 
point of the pen underneath: it ; remove it into a very {mall drop. 
of water, which you muft have ready prepared on another flip of 

glafs. When-thus confined, it may eafily be cut afunder tranf- 

verlely, by the help of a good eye and. fleady hand, witha lancet 

or {harp penknife ; or if the eye is deficient, a hand-magnifier: 

will enable almoft any-body to perform the operation. As foon 

as the parts.areleparated, apply your objeét to the microfcope, 

and ifthe divifion has been. made about the middle of the animal, 

feveral, oval bodies,. of different. fizes, will be feen to iffue forth. 

Thefe are young anguilla, of different degrees of maturity, each. 

whereof is. coiled: up, and: included in it’s proper membrane, 

which is of fo exquifite a finenefs, as to.be fearce difcernible by. 

the greateft magnifier while it inclofes.the embryo:animal. The: 

largeft and moft forward break.immediately through this delicate 

integument, unfold. themfelves, and wriggle about in. the water, 

nimblys; 
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nimbly ; others get out, uncoil, and: move about more flowly ; 
and the leaft mature continue entirely without motion. The 
uterus, or veflel that contains all thefe oval bodies, is compoted 
of many annula, or ringlets, not unlike the afpera arteria of land. 
animals, and it feems to be confiderably elaftic; for as foon as 
_ the operation is performed, the oval bodies are thruft out with 
fome degree of violence, by the fpringing back or aGtion of this 
bowel. An hundred or upwards of the young ones have been 
{een to iffue from. one fingle eel,, whereby the prodigious increafe 
of them may be accounted for, as probably feveral fuch numerous 
generations are produced in a fhort time. Hereby we alfo learn 
that thefe creatures are nct only like eels in fhape, but are like- 
wile viviparous, as eels are generally fuppofed to be.. 


There. is {carce a more entertaining experiment, in which there 
is but little rifk of being difappointed; for they feem, like 
earth-worms, to be all prolific, and unlefs by accident you cut 
one that has brought forth all it’s young before, or make your 
trials when the pafte has been kept a very long time, (in which: 
cafe they have been found fometimes untruitful) you may be fure: 
of fuccefs.. 


Anguillula. Marina:;. 


This, when prefied between two plates of glafs, appears to be: 
little more than a cryftalline fkin, with a. kind of clay-coloured 
inteftines. . The fore-part of the body. is truncated, the lower 
part drawn out toa fine point, the reft of the body is of an equal 
fize throughout. The younger ones are filled with pellucid 
molecular inteflines. oe 


aie 
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72, Vibrio Linter, 


Vibrio ventricofo-ovatus, collo breviffimo. Ventricofe oval 
vibrio, with a {hort neck. | 


This is one of the larger animalcula, of an egg fhape, pellucid, 
inflated, fomewhat depreffed at top; the apex is prolonged intoa 
moveable cryftalline neck, the belly is replete with pellucid mole- 
cules. It is not very common, but is to be found among the 
lemne. | 


73. Vibrio Utriculus. 


Vibrio teres, antice anguftatus truncatus, poftice ventricofus. 
Round vibrio, the fore-part narrow and truncated, the lower 
ventricofe. 


It does not ill refemble a bottle in fhape; the belly is replete 
with molecular inteftines, the neck bright and clear, the top 
truncated ; in fomea pellucid point is vifible at the bottom of the 
belly. It is in an unceafing, vehement, and vacillatory motion, 
the neck moving from one fide to the other as faft as poflible. 


74. Vibrio Fafciola.. 
Vibrio antice attenuatus, medio latiufculus, poftice acutus. 


Vibrio with a {mall fore-part, the middle a little bigger, the hind- 
_ part acute. . ' 


This 
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This is a pellucid animalculum, in ne middle are the inteftines 
in the form of points; analimentary pipe, which leflens gradually 
in fize, is alfo perceptible. 


The motion of it is quick, darting itfelf up and down the 
water with great velocity. It is found in water juft loofened - 
from the froft, and feldom elfewhere: | 


75. Vibrio Colymbus. 


Vibrio eraffus, poftice acuminatus, collo fubfalcato. Thick 
vibrio, {harpened at the end, the neck a little bent, . 


It is larger than moft of the vibrios, and not unlike a bird in: 
fhape. The neck is round, fhorter than the trunk, of an equal. 
fize throughout, and of a bright appearance, the apex obtule. 
The trunk is thick, fomewhat triangular, full of yellow mole- 
cules; the fore-part broad, the himder-part acute, the motion. 
{low. | Benes 


76. Vibrio Stri€tus. 


Vibrio elongatus linearis, anticem verfus attenuatus, apice ob- 
tufo. _ Vibrio lengthened out almoft to. a line, {mall towards the: 
fore-part, the apex obtufe. 

The body linear, being a membranaceous bright thread, with- 
out any flexure; the hind-part thicker, round, and filled with 
molecules, excepting juft the end, where there 1s a {mall pellucid 

empty. 
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empty fpace. The apex is obtufe, and rather globofe; it has a 
power of contracting and drawing in the filiform part. 


77. Vibrio Anas. 


Vibrio oblongus, utroque fine attenuatus, collo cauda longiore. 
Oblong vibrio, both ends attenuated, the neck longer than. the 
tail, 


The trunk round, oblong, opake, and crammed with mole- 
cules. Both the fore and the hind-part is prolonged into a pellu- 
cid talcy membrane, which the animalculum has a power of re~ 
tracting at pleafure. ‘The neck is longer than the tail, and the tail 
is more acute than the neck. It is moft generally found in falt 
water; afpecies of them have been found in river water, witha 
longer neck. 3 4 


58. Vabrio Cygnus. 


Vibrio ventricofus, collo adunco. Corpulent vibrio, with a 
crooked neck. 


This animalculum is little more than a moft pellucid line, 
crooked at top, prominent in the middle, and {harp at the end; 
the fore-part, or neck, is equal in length to the reft of the body, 
and three times longer than the hind-part, or tail, the interme- 
diate part {welling out, and is full of darkifh molecules and pel- 
lucid inteftines. It is very fmall, and the moft flothful of all 
thofe which move and advance their necks. 


7g. Vibrie 
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7g. Vibrio Anfer, Fig. 2 and 29, Plate XXV. 


Vibrio ellipticus, collo longo, tuberculo dorfali. Elliptical 
vibrio, with a long neck, anda little lump on the back. 


It is between the vibrio proteus and vibrio falx, and is diftin- 
guilhed by the lump b, Fig. 29, on the back, placed behind the’ 


neck ; from this an even long neck (a) proceeds. 


__ The trunk (d) is elliptic, round, and without any lateral in- 

equality, full of molecules, the hind-part tharp and bright, the 

fore-part produced into a bending neck, that is longer than the 

body ; the apex even and whole, blue canals Feiae between the 

marginal edges, occupying the whole length of the neck; in one 

of them a vehement defcent of water to the beginning of the 
trunk is perceivable. 


The motion of the body is flow, that of the neck is more lively 
and flexuous, fometimes fpiral. It is found in water where there 
is duck-weed. | 


80. Vibrio Olor. Fig. 28, Plate XXV. 


Vibrio ellipticus, collo Ignatian: apice nodofo, Elliptical, 
with a very long neck, anda knob on the apex. - 


An animalculum ohiea is continually moving it’s lively neck. 
The form of the body is elliptical and ventricofe, the hind-part 
fomewhat fharp. It is membranaceous, dilatable, winding 
varioufly ; the hind-part is fometimes replete with darkifh mole- 

ene cules. 
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cules. The neck (d) is three or four times longer than the body, 
of an equal fize throughout, except a {mall degree of thicknels at 
the apex (f) very pellucid. ‘The neck is very lively in it’s mo- 
tions, the body flow. 


Is found in water that is kept for a long time, and which is full 
of a vegetable greennefs. 


81. Vibrio -Falx. 


Vibrio cibbofus, poftice obtufus, collo falcato. A gibbous 
vibrio, the hind-part obtufe, the neck crooked. 


The body is pellucid, elliptical, the fore-part leflening into a 
little round bright neck, nearly of the fame length as the trunk, 
the hind-part obtufe. The trunk itfelf is rather rounding or 
tending to the gibbous, and filled with very {mall molecules; * 
there are alfotwo bright globules, one within the hind extremity, 
the other in the middle of the body. The immobility of the neck 
gives it motions much the refemblance of a {cythe. 


62. Vibrio Intermedius. 


Vibrio membranaceus, antice attenuatus, poftice fubacutus. 
Membranaceous vibrio, the fore-part {mall, the hinder-part 
fomewhat acute. a 


It feems to be an intermediate fpecies between the vibrio falx 
and the fafciola; it is athin membrane, conftantly folded. The 
whole of it is of a cryftalline talcy appearance, the middle replete 
with 
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with grey particles, of different fizes; it has all round a diftin& 
bright margin, the apex of the neck is truncated, the tail obtufe. 


VI. CycLipium. 


Vermis inconfpicuus, fimpliciffimus, pellucidus, complanatus, 
orbicularis vel ovatus. A fimple, invifible, pellucid, flat, orbi- 
cular, or oval worm. 


83. Cyclidium Bulla. 
Cyclidium orbiculare hyalinum, Orbicular bright cyclidium. 


A very pellucid white animalculum, or orbicular fkin, the 
edges a little darker than the reft. By the affiftance of the com- 
pound microfcope, fome globular cryftalline-like inteftines are 
juft perceptible. It moves flowly and femicircularly. Is found 
occafionally in an infufion of hay. 


84. Cyclidium Millium. 


Cyclidium ellipticum cryftallmum. Elliptic and cryftalline 
- cyclidium. 


It is very pellucid, and moré fplendid than chryftal, membra- 
_ naceous, elliptical; a line is perceived through the whole length 
of it, a point in the fore-part, the hinder-part getting darker. It’s 
motion {wift, fluttering, and interrupted; it is probable that both 
extremities are ciliated. 


39 T 2. BR. Cyeli- 
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85. . Cyclidium Fluitans. 
Cyclidium ovale ery{tallinum. Oval cryftalline eyclidium. 


This is one of the {malleft animalcula. The body of an oval). 
or rather a fuborbicular {hape, deprefled, cryftalline ;. two {mall: 
blue {paces may be difcovered,. by the hoes of the micro-- 
fcope, at the fides of this. little creature, 


~ 86... Cyclidium Glaucoma, 


Cyclidium ovatum, interaneis. egre confpicuis.. Oval cycli: 
dium,, the inteftines perceived. with dificulty.. 


__ A pellucid oval body, both ends plain, or an oval membrane;. 
with a diftiné: well-defined edge; the inteftines, when it is. 
empty, are fo tranfparent, that they are with difficulty difcerned ;- 
being full, they are manifefted by their green colour; dark glo~ 
bules are difcoverable in the middle.. 


In plenty of water it moves fwiftly in a circular and’ diagonal: 
direction ; whenever it moves flowly it feems ‘to be taking in: 
water, the inteftines are then alfo ina violent commotion. Two-. 
of the f{maller ones may often be perceived cohering to each: 
other, and drawing one another by turns; nor are they feparated. 
by death, for they remain united even when the water is evapo-. 
vated. The unfkilful in obfervation muft be careful: left they, 
miftake the fhade in a fingle one for a junction of two, or the: _ 
junction of two for a copulation, for they generate by divifion. _ 


4 atoity 87. Cycli- 
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87. Cyclidium Nigricans.. 


€ycldium oblongiufculum, margine nigricans. Oblong cy- 
elidium, with a black margin. 


It is very {mall, pellucid, flat, and with a black margin. With 
a.fmall magnifier it may be miftaken for an enchelis.. 


838. Cyclidium Roftratium, 


Cyclidium ovale; antice mucronatum. An oval cyclidium,, 
the fore-part pointed.. 


This is an oval, fmooth, and very pellucid’ animalculum,. the 
_ fore-part produced into an obtufe point; with this it feels and - 
examines bodies. It is probably ciliated, though the hairs. have: 
not been difcovered. 


The inteftines are filled with a blue liquor, forming in a tube,. 
which, from the aperture to the middle of the body, is divided 
ito two legs, or branches; beyond the middle there are two, 
little tranfverfe blue lines. The colour fometimes vanifhes, and. 
then. only veficular inteflines are difcerned. 


89. Cyclidium Nucleus. 


Cyclidium: meals poftice acuminatum, An oval eyelidium;, 
the hind-part. pointed. 


The: 
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The body is pellucid, depreffed, the fore-part obtufely convex, 
the hind-part acute, the inteftines veficular, the fore and hind- 
part on each fide dark. It refembles a grape-feed. 


90. Cyclidium Hyalinum. 


Cyclidium ovatum, poltice acutum. Oval cyclidium, the 
hind-part acute. Bibi 


This cyclidium is oval, flat, and bright, without any vifible 
inteftines, the hinder-part fomewhat Gallen than Bs fore- -part ; 
it has a tremulous kind of motion. 


Ql. Cyclidium Pediculus. 


Cyclidium ovale convexum, fubtus planun. An oval convex 
cyclidium, the bottom even. 

Trembley Polyp. 1. p. 282. 

This is a gelatinous white animalculum, the bottom over the 
back gibbous, the extremities deprefled and truncated, fometimes 
one end feems cloven into two points, perhaps this is the aper- 
ture of the mouth. 


It runs upon the hydra pallida as if it had feet, going back 


again every moment. It is f{earce ever feen but on the arms and 


the body of the hydra, 


92. Cycli- 
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g2. Cyclidium Dubium. 


Cyclidium ovale, fupra convexum, fubtus cavum. Oval cy- 
clidium, the upper part convex, the under part concave. 


This is one of the larger {pecies, the body is of an oval fhape, 
one fide is convex, the other 1s concave, the margin is pellucid, 
the inner part contains a great number of black molecules. 


VII. PARAMACIUM. 


Vermis inconfpicuus, fimplex, pellucidus, membranaceus, 
oblongus. An invifible, fimple, pellucid, membranaceous, flat 
‘worm. 


- 


93. Paramecium Aurelia. 


Paramecium compreffum, verlus anticam plicatum, polftice 
-acutum. Paramecium compretled, oblong, folded towards the 
fore-part, the hinder-part acute. 


Volvox Terebella. Ellis, 


This is rather a large animalculum, membranaceous, pellucid, 
four times longer than it is broad, the fore-part obtufe, tranfpa- 
rent, without intefiines, the hind-part replete with_molecules of 
various fizes ; the fold which goes from the middle to the apex is 
a flriking characteriftic of the {pecies, forming a kind of trian- _ 

| | cular 
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gular aperture, and giving it fomewhat the appearance of a gimlet. 
It's motion is reétilinear, vacillatory, and generally vehement. 


They may often be feen cohering lengthways ; the lateral edges 
of both bodies appear bright. ‘They may alfo fometimes be feen 
dying on ‘one another by turns, and fometimes cohering by the 
middle. They live many months in the fame water if it is not 
renewed. ‘They are to be found in June, in ditches where there _ 
As plenty of duck-weed. . 


94. Paramecium Chryfalis. Fig. 26, Plate XXV. 


Paramecium cylindraceum, verfus anticam plicatum, poftice ob- 


tufum. Cylindrical paramecium, folded towards the fore-part, 
the hinder-part obtufe. 


It differs but very little from the preceding, only the ends (a b) 
are more obtufe; the margin 1s filled with Aes globules, and it 
is an inhabitant of falt water, 


05. Paramecium Verfutum. 

Paramecium cylindraceum, poflice incraflatum, utraque ex- 
tremitate obtufum. Cylindrical paramecium, the lower part 
thick, and both ends very obtufe. 

An oblong Boeyishe green, gelatinous, filled with molecules, the 
lower part thick, the fore-part fmaller, both ends obtufe, and 


may be {een to propagate by divifion, Is found in ditches. 


96. Para- - 
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95. Paramecium Oviferum. Fig. 25; Plate XXY. 


‘Paramecium depreflum, intus bullis Ae Parameecium - 
depreffed, with large oval molecules within fide. 


A membranaceous, oval, oblong animalculum, grey, pellucid, 
haying many oval very pellucid corpufcles (a) difperfed about the 
body, and many black grains towards b. 


g7. Paramecium, Marginatum. , Fig..24, Plate XXV.- 
- Paramecium depreflum, grifeum, margine duplici. Parama~ 
cium ce efled, grey; with a double margin, 


This is one of the largeft of this clafs, flat, elliptical, every 
part filled with molecules, except the lower end (b), where there 
is a pellucid veficle; this animalculum is furrounded by a broad 
double margin; when expiring, a bright {piral inteftine may be 
feen. (a), Fig. 24, us aps, (b) the veficle, (c) the foiral in- 
teftine. 


VUE. Koxupopa. 
Vermis inconfpicuus, fimpliciffimus, pellucidus, complanatus, 


fmuatus. An invifible, very fimple, pellucid, flat, crooked 
worm, | | 


Bucur, MOT ICI. 
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98. -Kolpoda Lamella. 
' Kolpoda elongata membranacea, antice curvata. 


This animalculum is a pellucid membrane, long and narrow, 
the hind-part obtufe, narrower, and curved towards the top; no 
inteftines difcoverable, only a ndge, or fold, going through the 
middle. It’s motion is vacillatory and. fingular, moving to and 
fro on it’s edge, not on the flat fide, .as is ufual with moft micro- _ 
{copic animals. It is found in water, but is very feldom. to be: 
met with. | 


‘99. Kolpoda Gallinula. 


Kolpoda oblonga, dorfo antico membranaceo hyalino. Ob- 
Jong kolpoda, the back towards the fore-part bright and mem- 
branaceous., of 


The apex rather bent, the belly oval, convex and ftriated.. It 
is found in feetid falt water. 


100. Kolpoda Roftrum,. 


Kolpoda oblonga, antice uncinata. Oblong, the fore-part 
hooded. : shh tae ga 


The fore-part is bent into a kind of hook, the hind-part is ob- 
tufe, and every-where filled with black molecules. One of the: 
edges, from the fore-part to the middle, is often fo blunted and: 

: “dilated. 
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dilated that the reft of the body appears quite fmooth, and that 
part thick and triangular. It’s motion is flow and horizontal. It 
is to be found in water where there is lemna, but not often. 


101. Kolpoda Gees: 


Kolpoda, elongata, -membranacea, apice attenuato, bafi in an- 
eulum rectum produéia. Kolpoda long, membranaceous, the 
apex attenuated, the bafe bent in a right angle to the body. 


A large animalculum, long, and of a fingular figure, deprelied, 
membranaceous, flexible; one edge nearly {trait, the other fome- 
what bent, filled with obfcure molecules, and a few little bladders 
difperfed here and there; the apex bright and fmall, the bafe 
projecting hike the human foot trom the leg. | 


102. Kolpoda Mucronata. 


Kolpoda membranacea dilatata, antice angultata, altero mar- 
gine incifa. .Membranaceous- dilated kolpoda, the fore-part 
Pees hae the hind-part, with a {mall incifion at-one fide. 


This animalculum is a dilated bright membrane, the apex an 
obtufe point, a broad marked border running eel round it 
within the margin it is filled with ‘grey molecules, a Hlefhy dilc on 
one fide, which terminates in a fplendid little pomt on the other 
fide the dife. It has a truncated appearance. 


Brean Eid, AOS Ok 
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103. Kolpoda Triquetra. 


Kolpoda obovata deprefla, altero margine retufo. Kolpod 
nearly of an egg-fhape, one edge turned back. 


This. animalculum feems to confilt of two membranes, the up 
per fide flattened, the lower convex ; the apex is bent fo as to: 
form a kind of fhoulder. It was.found in falt water. . 


104.. Kolpoda Striata.. 


| Kolpoda oblonga, fubarcuata depreffa, candida antice acumi+ 
mata, poftice rotundata. Oblong, fomewhat of a pear-fhape,, 
white, the fore-part pointed, the hind-part round,. 


It is very pellucid and white; the upper part rather bent,. and’ 
terminating in a point, the lower part obtufely round; at the: 
apex, or mouth, there is a little black pellucid veficle; when a 
very great power is ufed, the body appears covered with long: 
ftreaks ; the lower extremity is furnifhed, like many other ani-- 
malcula, with very fmall globules. Is.to be found in falt water.. 


105. Kolpoda. Nucleus.. 
Kolpoda ovata,. vertice-acuto. Ege-fhaped kolpoda, with ani 
acute vertex.. 3 


It is of an oval fhape, the vertex-pointed; of a brilliant tran 
parency, which renders the vifcera vifible; they confift of a \ heap 
of round. ciophimens velicules.. 


105.. Kol. 
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106,. Kolpoda Meleagris. 


Kolpoda — mutabilis’ antice- uncinata, poltice complicata: 
Changeable, with the fore-part like a hook,, the hind-part folded 
up. Fig, 22, Plate XXV. 


A moft fingular animalculum, of the larger {pecies ; it has a 
dilated membrane, with the fineft folds, ae it varies and bends 
ina moment ; the fore-part of the body to the middie is clear and. 
briglit, the hind-part varioufly folded in tranfverle elevated plaits, 
and full of molecules; the apex turned into a hook, the mar gin 
finuous, and beneath the apex denticulated with three or four 
teeth; orin fome which are more beautifully wrought, the edge 
1S obtufely notched, and fet with ftill {maller notches; i the’ 
hind-part there are twelve or more equal pellucid. globules. It: 
moves fometimes in a ftrait, fometimes in a crooked line. F 1g. i 
22, Plate XXV. a the hooked apex, b the denticulated margin,, 


Baas 


e the feries.of globules, d'the folded part at.bottom.. 
107.. Kolpoda -Affimilis. 


Kolpoda deprefla, non:plicatilis apice uncinato, margine an: 
tico ad medium, ufque ‘crenulato poltice,. dilatato acutiu{culo. 
Kolpoda depreff fed, the apex turned in the form of a {mall hook,. 
the margin of the fore-part notched from the top to the middle, . 
the lower part {wells out, then diminifhes again intoa fhort point... - 
It is never folded like the foregoing ; it hasan elliptic mafs.in the 
middle. It was found on the fea-coalt.. 

| 
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t 


108. Kolpoda Cucullus. Fig, 29, Plate XXV. 


Kolpoda ovata ventricofa, infra apicem incifa. Ego-fhaped 
ventricofe, with an incifion in the fore-part. 


It is very pellucid, with a well-defined margin, filled with little 
bright veficles, differing in number and fize. The figure of the 
moft part is oval, the top bent ite a kind of an obtufe beak, 
feldom an acute one, but fometimes oblong. It’s inteftines are © 
formed of from eight to twenty-four bright little veficles, thefe 
are not con{picuous in the young ones. fome have fuppofed that 
thefe were animalcula that had been fwallowed by the kolpoda, 
but Mr. Muller thinks they are the offspring of the kolpoda. 
In fome only one cryftalline veficle’ occupies the middle of the 
body. When the water is almoft exhaled, and death nigh, it 
moves more flowly than ufual, and protrudes it’s offspring with 
violence. 


It moves in general with great vivacity, and in all direétions. 
a the cap or hood, b the incifion. It is found in infufions of 
vegetables, and in feetid hay. In fome few a tranfparent mem- 
branaceous fublance may be perceived proje€ting beyond the 
beak, and refembling an exuvia; the fame may be obferved m 
the enchelis vibrio, and it is probable that-a decortation or caft- 
ing of the {kin has place in thefe animalcula, as well asin infeéis, 


109. Mok 
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109. Kolpoda Cucullulus. 


Kolpoda oblonga, infra apicem oblique incifa. Kolpoda ob- 
long, with an oblique incifion a little below the apex.. 


A very pellucid cryftalline animalculum ; it is furnifhed with 
feveral pellucid globules; there is ’a bending a little beneath the 
top, which in fome pofitions is very diftinétly feen, in others not. 
It was.obferved in. an infufion of the fonchiarvenfis.. 


110. Kolpoda Cucullio. 


Kolpoda ovalis depreffa, infra apicem tantillum finuata. Flat 


Cc 


oval kolpoda,. with a {mall degree of bending beneath the apex. 


This is an oval, or rather an elliptical kolpoda, flat om the up-. 
per fide, convex on the under fide, membranaceous and bright,. 
the fore-part clear; from the middle to the hinder-part it is filled 
with-filver-like globules. It often ftretches out the fore-part, and 
folds it in different pofitions.. 


111.. Kolpoda Ren. 


Kolpoda crafla medio finuata. This kolpoda is thick, and’ 
curved in the middle.. Ls 


The body is yellow, thick, and rather opake, even where 
round, curved a little in the middle, fo as to have the appearance 
of a kidney ; the whole body 1s filled with molecules. It’s mo- 

| . tion. 
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tion is quick, vacillatory, and interrupted. If the water imwhich 
it fwims fail, it affumes.an oval form, is comprefled, and at laft 
burfts. -It is found in an infufion of hay, generally about thir 
teen hours after the infufion is made. 


112. . Kolpoda Pirum. . Fig. 20 and 21, Plate XXYV. 


Kolpoda convexa, ovalis, apice in roftrum producta. Convex 
kolpoda, oval, the apex formed into a kind of beak. 


The body is uniform and tranfparent, without any fenfible in- 
equality, the neck rather long, and a little bent; it is of a pale 
colour, and furnifhed with obfcure ‘little globules. Fig. 20 re- 
prefents this animalculum, 21 the fame dividing to form another, 
a the fore-part, b the hind-part, c where it is dividing. 


11 a Kolpoda Cuneus. 
Kolpoda clavata, teres, apice dentata. Clavated kolpoda, 
round, the apex dentated. j 


This is a large animalculum, the body white, gelatinous, 
without any diftinét vifcera. On the fore-part at one fide there is 
a pellucid, bright, ftriated puftule ; the apex is diftinguifhed by 
three or four teeth, the hinder-part is {maller than the fore-part, 
with an obtufe termination, which it can bendina {piral form. 


IX. Go- 
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IX. GoniumM. 


Vermis incon{picuus, fimpliciffimus, complanatus, angulatus, 
An invifible, fimple, fmooth, angular worm. 


114... Gonium Pettorale: Fig. 17, Plate XXV. 


Gonium quadrangulare, pellucidum moleculis fedecim {pheer- 
cis. This gonium is quadrangular, pellucid, with fixteen {pherical 
molecules. 


Thefe fixteen little oval bodies are nearly equal in fize, of a 
greenifh colour, pellucid, and fet in a quadrangular membrane, 
like the jewels inthe breaft-plate of the high-prieft, refleéting light 
on both fides. It’s animality is evinced by it’s fpontaneous motion, 
advancing alternately towards the right and left; thefe little 
bodies feem oval when in motion, round when at reft; the four 
interior ones are a little larger than the reft. Found in pure 
water, 


115. Gonium Pulvinatum. 
Gonium quadrangulare, opacum, pulvillis quatuor. Qua- 
drangular, opake, with four little pillows. 


This appears under the microfcope as a little quadrangular 
membrane, plain on both fides; with a deeper lens it looks like 
a bolfter, formed of three or four cylindric pillows, flattened or 
funk here and there. Thus it appeared to M. Muller on the firft 

aie 3 W examina- 
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examination; fome days after, all the fides were plain, without: 
any convexity, and divided into little fquare fpaces by lines: 
erofling each other.. Found upon dunghills.. 


116.. Gonium Corrugatum,. 


Gonium quadrangulare, albidum, medio correptum. Quaz- 
drangular gonium, white, funk a little in.the middle.. 


It is fomewhat of a fquare fhape, very minute, without any. 
vifible vifcera, a. little depreffed in the middle. It is found in ya-- 
rious infufions ; in fome pofitions it appears ftreaked.. 


117.. Gonium Rectangulum.. 


~Gonium reG&tangulum, dorfo: areuato. This gonium is. reét=. 
angular, the hind-part arched.. 


It. differs from the preceding one but little, the angle at the bafe- 
aright one, the larger veficle is tranfparent, the reft green. 


118. Gonium.Truncatum:. | 


Gonium obtufangulum, poltice arcuatum.. Gonium with ob-. 
tule corners, the hind-part arched. 


Much larger than the foregoing; the fore-part is a flrait line,. 
the fides forming therewith obtufe angles, the ends of thele fides, 
are united by a curved line; the internal.molecules are of a dark. 


green, 


- 
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ereen, there are two little bright veficles in the middle, it’s mo- 
tion islanguid. It 1s but rarely met with, and then moflly in pure 


water, 
Xe BUR SAR TA, 


Vermis fimplicifimus, membranaceus, cavus. A very fimple, 
hollow, membranaceus worm, 


\ 


110. Burlaria Truncatella. 


Burlaria ventricola, vapice: truncata, Ventricofe burlaria, the 
top ei 


An animaleulim that is vifible to the naked eye, white and 
oval, truncated at thé top, where there is a large aperture, the 
opening that forms the aperture defcending yer the bafe; at 
the bottom ‘of moft of them there are three or five yellow eggs. 


4 


It moves itfelf ie pleafure from: right to left, and fom left to 
right, afcending to the fuperficies of the water in a right line ; 
fometimes it rolls about while defcending. 


- 190, Burfaria Bullina. 


Burfaria cymibeformis, antice labrata. . Boat-fhaped burfaria, 
the fore-part formed into a lip. 


Leonia i NM ie | A pel- 
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A pellucid cryftalline animalculum, furnifhed with fmaller and - 
Jarger {plendid globules {wimming about within it, the under-fide 
convex, the upper-fide hollow, the fore-part forming a kind of 


Iip. 


101, Burfaria Hirundinella. Fig. 19, Plate XXV.. 


Burfaria utrinque laciniata, extremitatibus produétis. 


Burfaria with two little proje€ting wings, one on each fide, the 
fore and hind-part produced fo as to give them fome refemblance: 
to the head and tail of a bird. It is imvifible to the naked eye, 
but appears to be a pellucid hollow membrane under the micro- 
fcope. They have no vifible mteftines ; it moves fomewhat like 
a fwallow; a the head, b the tail, c one of the wings. 


129, Burfaria Duplella, Fig. 18, Plate XXV. 


Burfaria elliptica, marginibus inflexis, Elhptic burfaria, with 
the edge bent in and out. 


A cryftalline membrane folded up, no vifible inteftines, if we 
except a little congeries: of points under one of the folds. Was. 
found among duck-weed. 


123. Burfaria Globina. © 


Burfaria {pheerica, medio pellucentiffima. Spherical . burfaria, 
very pellucid in the middle. 2 


A fub- 


/ 
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A, fubfpheric hollow animalculum, the lower end furnifhed 
with black molecules of various fizes, the fore-part ‘with obfcure 
points, the reft entirely empty, and the middle very pellucid, 
it moves flowly from right to lett. 


XI. CEREARIEA, 


Vermis incon{picuus, pellucidus, caudatus. An inviible pel- 
lucid. worm with a tail. 


r24. _Cercaria Gyrinus.. 


Cercaria rotundata, cauda acuminata. ‘This cercaria is round, 


and has a fharp tail. ; 


The body is white, gelatinous, without any traces of inteftines ; 
the fore-part fomewhat globular, the hind-part round, long, and 
pointed ; fometimes it appears a little comprefled on each fide. 
The tail is in a continual vibration while it is fwimming, like that 
of the tadpoles. It feems very fimilar to the {permatic ani- 


malcula. 
125. Cercaria. Gibba. 


-Cercaria fubovata convexa, antice fubacuta, cauda teret. 
Somewhat of an oval fhape, convex, the fore-part rather acute,. 


the tail round. 


It 


o 
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Te isa {mall animalculum, gelatinous, ‘white,. opake, «without 


any wifible imteftines, the upper part convex or gibbous ; many 


c 


-of them were found in an‘infufien of hay, alfoin other infufions. 


136. -Cercaria Inguieta. Fig. 94 and 32, Plate XXV. 


Cercaria mutabilis convexa, catdalevi. Changeable .convex 


scercaria, with afmooth tail. 


This animalculum fo-often:changes the form of ifs body, that 
it is not eafy to deicribe it ; it.1s fometimes {pherical, fometimes 


like a long cylinder, at others of an oval figure, white, gelati- 
nous, the tail as filiform and flexible, the upper part vibrating 


vehemently, no vifible vifcera, a pellucid globule may be obferved 
at the bafe, and two very {mall black pomts placed near the top 


cat d, Fig. 92; whether they are eyes to the animalculum is not 


known. Was found in falt water. a, Fig..91, the body, b the 


tail, 


127. Cercaria Lemna, Fig. 99, 34, and 35. 


Cercaria mutabilis, fubdeprefla, cauda annulata. Mutable 
cercaria, fomewhat flattened; with an annulated tail. 


This animaleulum putson fuch various forms, that at firtt fight 
it appears like the proteus of:Baker, though it is altogether 
different. 


The body is capable of being cGnteabien or extended, , oF the 
Shape of an oblong pear, or triangular, kidney-fhaped.: Phe aail 
fhort, 
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fliort, thick, and annulated, fometimes long, bending, cylindric, 
and without rings. It vibrates, when it is ftretchéed out, with fo 
much velocity, that it appears. as it were double, . The inteftines. 
not very diftinét, mear the apex a {mall pellucid globule is per-- 
eeivable, that Muller takes to be it’s mouth; two black points. 
which are near it, but with difficulty difeovered, he fuppofes to. 
be the eyes. It draws the tail fometimes into the body. Fig, 33. 
a, the body rather fpherical, b the tail; Fig. 34, c, the triangu-. 
lar body; Fig: 95, the body extended, ee the eyes, ff the bow-. 


els, g alarge veficle,. b a {maller one; 


Te walks flowly after taking three or fourtfteps ; it extends the: 
tail, ere€ting it perpendicularly, fhaking and bending it; in this. 
ftate it refembles much the leaf of the lemna.. 


128, Cercaria Turbo. Fig. 90, Plate XXV. 


€ercaria globulofa,. medio coarctata, cauda unifeta: Globular 
eercaria, the middle contraGted, witlra tail like a briflle. 


Partly of an oval, and partly of a {pherical fhape, pellucid; 
and of a taley appearance. It feems to be compofed of two glo-. 
bular bodies, the lower one being the fmalleft; this fizure is oc- 
cafioned by the contraction at the middle. There are two black. 
points, like eyes, at the upper part of the animalculum, even with 
a tranfverfe line which crofles the top of this little creature; feve- 
ral large globules may be difcerned, the tail is Paantaee quite 
(trait, fometimes turned back on.the body. It is to be met. with 
among the duck-weed,. 


129. Cers. 


a 
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120. Cercaria Poduria. Fig. 97 and 38, Plate XXV. 


Cercaria cylindracea, poflice acuminata fubfiffa, Cylindric 
cerearia, the hind-part fharp, and fomewhat cloven, 


It refembles the young ones of the podura which live among 
the lemna, is pellucid, and feems to confift of a head, a trunk, 
and a tail; the fore-part refembles the head of a herring, the trunk 
is cylindric, and replete with black. {piral inteftines ; appears 
more or lefs Ventricofe, at the will of the animal. Nothing to be 
difcovered in the hinder-part. The tail, mm moft fituations, ap-— 
pears divided into two brifties. When the animal moves, there 
is a continual motion among the inteflines, which, from the 
various fhades they occafion, make the body appear very rough ; 
fome lateral hairs (cilia) are fometimes perceived. It moves from 
one place to another, turning round at the fame time as upon an 
axis. It is to be found in November and December, in marfhy 
places that are covered with lemna. Fig. 36, a the head, b the 
trunk, c the tail, d with one point, it is feen ate, Fig. 37, with 
two points; f the hairs on the fide. 


190. Cercaria Viridis. 


Cercaria cylindracea mutabilis, poftice acuminata filla. Cylin- 
drical cercaria, mutable, the lower end fharp, and divided into 


two parts. 


This animalculum, when in it’s longeft flate, is not unlike the 


preceding; but from the changes to which the body 1s fubject, as 
| | | well 
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well as the colour, it differs confiderably from it. It fometimes 
contracts the head and tail, fo as to form a {pherical figure; at 
others the fides project outwards. Is found in the fpring, in 
ditches of ftanding water. | : 


191. Cercaria Setifera. 


-Cercaria cylindracea, antice angullior, poftice acuminata. | 
Cylindric cercaria, the fore-part {malleft, the hind-part pointed. 


_ This is a {mall cercaria, the body rather opake, round, the 
upper part bright, .and fmaller than the reft; the trunk is 
more opake, the tail fharp, near it is a little row of {hort hairs. 
It has a {low rotatory motion, and is feldom to be met with, and 
when found it is in falt water. 


132, Cercaria Hirta. 


Cercaria cylindrica, antice fubtruncata, poftice obtufa, bimu- 
cronata. Cylindrical cercaria, the fore-part fomewhat truncated, 
the lower part obtule, finifhing with two {mall points. 


A. cylindrical opake animalculum, with two fmall points at 
the lower end, moveable, yet rigid, and placed at fome diftance 
from each other; when in motion, the body feems as if it was 
furrounded with rows of {mall hairs, feparated a little from each 
other. It was obferved in falt water. 


gx | 193. Cer- 
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193, Cercaria Crumena, 


’ Cercaria cylindraceo- ventricofa, antice oblique truncata, cauda 
lineari bicufpidata, Cylindrical ventricole cercaria, the fore-part 
obliquely truncated, the tail linear, pecans? with two diverg- 
ing points. 


_The body is ventricofe and cylindrical, mufeular and thick, 
the lower part fmall; the upper part terminates in a {mall, ftrait 
neck, like the neck of a pitcher; the body appears wrinkled, the 
‘gail terminated as in the definition. 


134. Cercaria Catellus.. 


Cercaria tripartita, cauda bifeéta. Three-parted cercaria, the 
tail divided into twe parts: 


This animalculum is more complex in it’s form than many, 
others; it has a moveable head, which-1s. affixed to the body: 
only by a pomt; an abdomen, which is not fo wide, but twice 
as long as the head, replete with inteftines, and a tail which is 
thorter than the head, narrower than the belly, and terminating 
in two briftles ; thefe it can unite and. feparate at pleafure. It 
moves with vivacity, though without going far from it’s firf 
place. 


135. Cercaria Catelina,. 
Cercaria tripartita, cauda bicufpidata. Cercaria diftinguifhed. 


into three parts, with a fhort forked tail. 
Ip 
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It differs from the preceding in feveral refpetts, being larger, 

the body thicker, more cylindrical, and the lower part truncated, 

ith two {hort diverging points projecting from the middie. Was 
found in a ditch where there was plenty of duck-weed. 


196. Cercaria Lupus. Fig. 39, Plate XXV. 


‘Cercaria cylindrica, elongata, torofa cauda {pinis duabus. 
Cylindric cercaria, long, the tail furnifhed with two {pines. 


This animalculum is larger than moft of the cercarias, and has 
fome particulars in which it relembles the vorticella. It is full of 
mulcles, capable of being contratted or extended; cylindric, 
compofed of a head, a trunk, and a tail; the head is larger than 
the body, the apex turned downwards into a little hook; the 
tail is like the body, but narrower, terminating in two very bright 
fpines, that it extends differently. It fometimes contracts itfelf 
into one half it’s fize; then again it extends itfelf to it’s ufual 
form. Was found m water among duck-weed. a the head, 
b the trunk, c the tail, dd the {pine thereof. 


197). Cercaria Vermicularis. Fig, 40. 


Cercaria cylindrica annulata,” probofcide exfertili, cauda {pina 
duplici. Cylindrical, annulated, with a projeCting probofcis, two 
{mall {pines for the tail. | 


It is along, cylindrical, flefhy, mutable animalculum, divided 
into eight or nine rings, or folding plaits, the apex either obtufe 
or notched: inte two points, the hind-part rather acute, and ter- 

9X2 minating 
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minating in two pellucid thorns; fometimes a felling Is per- 

ceived between thefe. “It often projeéts from the incifion at the 
apex, a kind of cloven probofcis. Is found i In water where there 
is duck-weed, dd the points of the fore-part, e the probotcis. 


/ 


138. Cércaria F orcipata. 


Cercaria cylindrica, cs probofcide forcipata exfertili, 
cauda bicufpidata. 


Cercaria cylindrical, wrinkled, with a forked probofcis, that it 
ean thruft out, or pullin. It is found in marfhy fituations. 


139. Cercaria Pleuronettes. Fig. 98, Plate XXV. 


Cercaria orbicularis, cauda unifeta. Orbicular the tail, confift- 
ing of one briftle. = 


It is membranaceous, rather round, and white. In the fore- 
part are two blackifh points. ‘The hind-part is furnifhed with a 
{lender fharp tail. In the middle are orbicular intefiines of dif- 
ferent fizes; the larger of them are bright.’ It’s motion is 
vacillatory; in {wimming, one edge of the lateral membrane is 


upwards; the other, folded down. Found in water that has been — 
kept feveral months, 


140. Cer- 
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140, Cercaria Tripos. Fig. 38, Plate XXV. 


Cercaria fubtriangularis, brachus deflexis, cauda recta. Cerca- 
ria fomewhat of a triangular form, two bent arms, anda {trait 
tail. 


The body flat, pellucid, triangular, each angle of the bafe of 
the triangle, or fore-part thereof, being bent down into two 
lmear ears, or arms ; the apex of the triangle is prolonged into a 
tail. It was found in falt water; .b the tail, a the bent arms, 


141. Cercaria Cyclidium. 


Cercaria ovalis, poftice fubemarginata, cauda exterfili. This is 
oval, the hind-part fomewhat notched, with a tail, that it thrufts 
out at pleafure. 


It’s body is oval, fmooth, membranaceous, pellucid, with a 
black margin. The tail is not fixed to the edge, but concealed 
under it, and coming out from it at every motion, and yet fo as 
to project but little from the edge. ‘There 1s a kind of border to. 
the hinder-part. It’s inteftines are very pellucid veficles. Is fre- 
quently found in pure water. 


142. Cercaria Tenax. 
Cerecaria membranacea, antice craffiufcula, truncata, cauda 


triplo breviore. Membranaceous, the fore-part rather thick, 
truncated, the tail three times fhorter. 


4 A It 
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It is an oval, pellucid membrane, fomething larger than the 
mona lens, ‘The fore-edge thick and truncated, the hinder-part 
acute, or terminating ina fhort tail, It whirls about in various 
directions with great velocity. | 


143. Cercaria Difcus. 


Cercaria orbicularis, cauda curyata. A {mall orbicular cerca- 
ria, with a bent tail. 


144. Cercaria Orbis. 


Cercaria orbicularis, feta caudali duplici longiflima. Orbicular 
ercaria, with a tail, confifting of two very long briftles. 


145. Cercaria Luna. 
Cercaria orbicularis, cauda lineari duplici brevi. Orbicular 


cercaria, with two fhort fpines for a tail; the fore-part hollow- 
ed, fo as to form a kind of crefcent. 


Pes Vile ne uG Oana RAG 


Vermis inconfpicuus, pellucidus, undique ciliatus. An invifible 
worm, pellucid and every where ciliated. 


146. Leu- 
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#49. Leucophra Confliétor. 
Leucophra fphzerica, fubopaca, interaneis: mobilibus. Sphe- 
rical opake leucophra, with moveable inteftines. ~ 


This animalculum, or rather a aheap of agimalcula, is perfeéily 
foherical, and larger than molt {pecies of the vorticella ; it 1s femr- 
eranfparent, of a yellow colour, the edges of-a dark colour. It 
is filled with a number of the moft minute molecules, it rolls. at 
intervals. from right to left, but feldom removes from the {pot 
where it is firft found. 


The innumerable molecules circumferibed within this fphere 
are in continual motion, and, as.it were, in vehement conflict, 
without any order. From the great concourfe of combatants. on 
one fide, or the other, the fphere is. turned either to the right 
or left, the molecules going in the fame direétion ; itis then tran- 
quil for a fhort time, but foon the conflict becomes more violent, 
and the {phere is moved towards the other fide, and continues to 
move in a fpiral line. When the water begins to fail, they affume 
an oblong, oval, or a cylindric figure ; the hind-part of fome Is 
compreiled into a triangular fhape, and the tranfparent part ef- 
caping as it were from the inteftines, which continue to move 
with the fame violence till the water fails, when the molecules. 
are fpread into an uninformed mafs. But this alfo foon va idhes, 
‘when they fhoot into the form of the cryftals of fal ammoniac, 


as defcribed by Baker, p. 3, No..9.. 


ay ibe 147. Lew. 


560 Microscopican Essays, 
147. Leucophra Mamilla. 


_Leucophra fpherica, opaca, papilla exfertili. Spherical opake 
leucophra, with a {mall papillary- projection. 


It. is of a dark colgur, and filled with globular molecules, the 
fhort hairs are curved inwards; it projeéts, and draws in occa- 


fionally a little white protuberance, not Uncommon in marfhy 
water, 


148. Leucophra Virifcens. 


Leucophra cylindracea, opaca, poftice craffiore. Cylindrical, 


opake leucophra, the lower part much thicker than the upper 
part. 


This is a large, pear fhaped, greenifh coloured animalculum, 
filled with opake molecules, and covered with fhort hairs, gene- 
rally moving in a ftrait lme. Found in falt water. 


140. Leucophra Viridis. 
Leucophra ovalis opaca. Oval, opake leucophra. 


Though at firft fight it may be taken for a variety of the leu- 
cophra virifcens, yet ona further examination, it differs in many 
particulars ; it cannot lengthen and fhorten itfelf in the fame 
manner that does. It is alfo much fmaller. Sometimes 1 it is feen 
tobe contracted in the middle, as if it was going to be divided. 
in two. 


150. Leu- 
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150. Leucophra Burfata. 


Leucophra viridis, ovalis, antice truncata. Green oval leu- 
cophra, the fore-part truncated. 


This is fimilar in many refpetis to the foregoing leuco- 
phra, it is a long oval, bulging in the middle, filled with green 
molecules, every where ciliated, except at the apex, which is 
truncated, and fomewhat of the fhape of a purfe ; the hairs larger, 
and fometimes collected in little fafcicles. It is to be found in fale 
water. 


151. Leucophra Pofthuma. 


Leucophra globularis, opaca, reticulo pellucenti. Globular 
opake leucophra, covered as it were with a pellucid net. 


Was found in feetid falt water. 
152: Leucophra Aurea. 


Leucophra ovalis, fulva, utraque extremitate equali obtufus. 
Oval yellow leucophra, both ends of it equally obtufe. 


The little hairs are with difficulty difcovered ; t has, in general, 
a vehement rotatory motion. 


8 Y 153. Leu: 
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153. Leucophra Pertufa. 


Leucophra ovalis, gelatinofa, apice truncato. obtula, altera 
latera fuffofla. Oval gelatinous leucophra, the apex obtufely 
truncated, one fide funk down. 


Gelatinous, yellow, without any {mall or large molecules; the 
fore-part truncated, the hind-part brought nearly to a point, a 
kind of oval hole on.one fide. It was found in falt water. 


E54. Leucophra Fraéta.. 


Leucophra elongata, finuato angulata fubdeprefla. Leuco- 
phra long, with finuated angles, rather flat. 


The body is white, gelatinous, granulated, flat, changing it’s 
form confiderably. 


A 5. Leucophra Dilatata: 


Leucophra complanata, mutabilis, marginibus finuatis. Smooth 
cl hangeable leucoph ira, with a ‘finuated edge. 


A gelatinous membrane, with a few grey molecules in the fore- 
part, anda great number in the hinder-part; it 1s. fometimes 
dilated into ‘a triangular form, with finuated fides; at.other times 
the fhape is more irregular and oblong. 


ot 
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156. Leucophra Scintillans. 


Leucophra ovalis, teres, opaca viridis. Oval, round, opake, 
green leucophra. | 


This animalculum is fuppofed to be ciliated, from it’s bright 
twinkling appearance, which probably arifes from the motion 
it gives the water; itis nearly of anegg-fhape. Was found in. 

December among the leffer lemne. 


157. Leucophra Veficulifera, Fig. 41, Plate XXV. 


Leucophra ovata, interaneis veficularibus. Oval leucophra, 
with veficular inteftines. 


An animalculum that is a kind of mean between the orbicular 
and oval, very pellucid, with a defined dark edge and _ infide, 
containing fome very bright veficles, or little bladders. The | 
middle often appears blue, fo that the little bright veficles feem 
fet in a cerulean fubftance. Muller could never perceive any of 
thofe rays which are mentioned by Spalanzani; he confefles, 
however, that he once faw an individual like this environed with 
very {mall unequal fhining rays. 


158. Leucophra Globulifera. 


- Leucophra cryftallina, ovato-oblonga. Cryftalline leucophra, 
ofan oblong oval fhape. 


aY 20 | but Cente 
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The body is round, very pellucid, without molecular in- 
teftines, though at one edge it has three little pellucid globules ; : 
it is every-where befet with fhort hairs. It was found in a ditch 
where the lemna minor grows. 


159. Leucophra Puftulata. 


Leucophra ovato-oblonga, poftice oblique truncata. An ob- 
long oval leucophra, the lower end obliquely truncated. 


The body is white, gelatinous, fomewhat granulated; the 
lower part is truncated, as if an oblique fection was made in an 
egg near the bottom. It is covered with little fhining ereét hairs, 
at the lower end.a few bright puftules may be difcovered, It is 
found in marfhy. waters. 


160. Leucophra. Turbinatas — 


Leucophira: inverfe conica, fubopaea.. Leucophra in. fhape 
like an inverted cone; and rather opake.. 


It is a round pellucid body, fomewhat of an acorn {fhape, with 
a pellucid globule at the lower end. Was found. in. flinking falt 
water. 


161. Leucophra Acuta.. 


Leucophra ovata, teres, apice acuto, mutabilis, flavicans,. 
Oval leucophra, round, with the apex acute, mutable, yellow.. 


Gelas 
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Gelatinous, mutable, and thick, the apex bright, the reft of 
the body crammed with an innumerable quantity of little {phe- 
rules. It is fometimes drawn up into an orbicular fhape, at other 
times one edge is finuated. It was found in falt water. 


162. Leucophra Notata. 


Leucophra ovata, teres, puntto marginal atro, Oval leuco- 
phra, round, with a black point at the edge. 


163.. Leucophra Candida. 


Leucophra hyalina, oblonga, altera extremitate attenuata, | 
curvata. Leucophra of a talcy appearance, oblong, one end - 
{maller than the other, and bent back, 


_ The body membranaceous, flat, very white, with no vifible in- 
teftines, if we except two oval bodies which are with difficulty 
perceived; the whole edge is ciliated. . Found in an infufion of». 
falt water,, 


164... Leucophra N odulata. 
Leucophra ovato-oblonga, depreffa, {erie nodulorum:duplici. 


An oblong oval {pecies of leucophra, with a double. row of little ~ 
nodules, 


465. Leus.- 
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165. Leucophra Signata.. 

‘Leucophra oblonga, fubdepreffa. Oblong fubdepreffed leu- 
cophra, with a black margin, filled with little molecular globules, — 
-but more particularly diftinguifhed by a curved line in the mid- 
‘dle, fomething in the fhape of'a long S; one end of this is at 


times bent into a {mall {piral. Common in falt water, in the 
months of November and December. 


166. Leucophra Trigona. 


Leucophra craffa, obtufa, angulata, flava. Thick, obtufe, an- 
gular, and yellow leucophra. | 


A triangular yellow mafs, filled with unequal pellucid velicles, 
one of which is much larger than the reft, the edge furrounded 
with little flu@uating hairs. It is not common. Was found in 
a marfhy fituation. 


167. Leucophra Fluida. 


Leucophra fubreniformis, ventricofa. Leucophra fomewhat 
of a kidney fhape, but -ventricofe. 


168. Leucophra Fluxa. 


{ Leucophra finvata reniformis. Reniform finuated leucophra. 


169. Leus 


ca 


MicrROscoPIcAL Essays. | 567 
169. Leucophra Armilla. 


Leucophra teres annularis. Round annular leucophra. 


Eg Oe Leucophra Cornuta. Fig. 42 and 43, Plate XXV. 


Leucophra inverfe conica, viridis opaca. An inverted cone, 
green, opake. 


It bears fome refemblance to the vorticella polymorpha and the 
vorticella viridis, and requires to be obferved for fome time be- 
fore it’s peculiar charatters can be afcertained ; the body com: 
poled of molecular veficles, of a dark green colour ; for the moft 
part it is like an inverted cone, the fore-part wide and truncated, 
with a little prominent horn, or hook, on both fides, the hind-. 
part being conical, every-where ciliated,, the hairs exceeding 
minute; thofe in the fore-part are three times longer than thefe, 
and-moving in a.circular dire€tion. ‘The hinder-part is pellucid, | 
and fometimes terminates in two or three obtule pellucid pro- 
jeGions. The animalculum will at one moment appear oval, at 
another reniform, and ciliated onthe fore-part ; at another time 
the hairs are concealed. When the water evaporates, it breaks 
or diflolves into molecular veficles. It 1s found late in the year 
in marfhy grounds. Fig. 42, a the hinder-part pointed, it 1s 
obtufe at b, Fig. 49, e the fore-part, g the cilia, f the horns,.. 
bh the fides. 7 


17 1... Leus- 
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171. Leucophra Heteroclita. Fig. 44 and 45. 


‘Leucophra cylindrica, antice obtufa, poftice organo criflato 

duplici exfertili. Cylindrical leucophra, the fore-part obtule, the 
-hind-part furnifhed with a double-tufted organ, which it can 
thruft in or out at pleafure. To the naked eye it appears as a‘ 
white point, in the microfcope as a cylindrical body, the fore- 
~part obtufely round, the middle rather drawn in, the lower part 
round, but much fmaller than the upper part. With a large. 
‘magnifying power the whole body is found to be ciliated. ‘The 
inteftines are very vifible. It is reprefented in Fig. 44 as it gene- 
rally appears, in 'Fig. 45 with the plumed organs. a the fore- 
part, b the hind-part, d the hooked inteflines, 11 the plumes, g ¢ 
the {heaths from which they are projected. 


“SL Perc re pa 
Vermis inconfpicuus, pellucidus, crinitus. An invifible, pellu- 
cid, hairy worm. 


172. Trichoda Grandinella. 


Trichoda fpherica, pellucida, fuperne crinata, Spherical, | 
- ypellucid, the upper part hairy. 


-A-moft minute pellucid globule, ‘the inteftines {carce vilible, 
‘the top of it’s furface furnithed with two, three, or more fhort 
-briftles, which are with difficulty feen, the animalculum extending, 
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and then withdrawing them inaninflant. Jt 1s found ‘in pure 
water, and in infufions of vegetables. 


ts) 


173. Trichoda Cometa. Fig. 46 and 47, Plate XXV. 


Trichoda f{pherica, antice crinita, globulo appendente. Sphe- 
rical, the fore-part hairy, with an appendant globule. 


_ It isa pellucid globule, replete with bright intefines, the fore- 
part furnifhed with hairs, the hind-part with a pellucid appendant 
globule. | 


174. ‘Trichoda Granata. Fig. 48, Plate XXV. 


Trichoda {fphzrica, centro opaco, peripheria crinata. Sphe- 
rical, with an opake center, the periphery hairy. 


It refembles the trichoda grandinella and trichoda cometa. It 


has a darkifh nucleus in the center ; it’s inteftines are impercepti- 
ble; fhort hairs on the edge. 


175. ‘Irichoda Trochus. 
Trichoda fubpiriformis, pellucida, antice utrmque crinita. 


_ Trichoda fomewhat of a pear-fhape, pellucid, each fide of the 
fore-part diftinguifhed by a little bunch of hairs. 
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176. Trichoda Gyrinus. 


Trichoda ovalis teres cryftallina, antice crinita, Oval, round, 
cryftalline trichoda, the front hairy. 


It is one of the fmalleft among the trichoda, the body fmeoth 
and free from hairs, except at the fore- -part, where there are & 
few. Found in falt water. 


1 | Trichoda Sol. Fig, 65 and 66, Plate XXV. 


Trichoda globularis, undique radiata. lobular trichoda,, 
every-where radiated. 


This fplendid creature conflitutes, a new genus, but as we know 
of no more of the fame kind, it is introduced here.. . It is a lnttle: 
eryftallime round corpufele, the upper part convex; it is befet 
with innumerable diverging rays, which are longer than the 
body, proceeding from every part of it’s furface: in the infide are 
fimilar molecules. ‘The body contraéts. and dilatesitfelf, the ant~ . 
malculum remaining confined to the fame fpot. It was found in 
water in which there were other infuforia, and which had beer 


kept for three weeks. It propagates by divifion, and 1s eure: 
fented as dividing in Fig. 66. -' 


178. “Trichoda, Solaris. 


Trichoda {pheroidea, peripheria crinita. Spheroidal trichoda, 
with a few hairs round the circumference, 


The 
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The body is bright, orbicular, with globular vifcera in the 
middle of it; in many a moveable fubftance, fomething like the 
letter S, may be difcovered; it has feldom more than “bentecn 
hairs, which are difpofed round the circumference ; each of thera 
is in length nearly equal to the diameter of the Hedland 


17g. Trichoda Bomba. FE ig. 67 and 68. 


Trichoda mutabilis, antice pilis fparfis. Changeable, with a 
few hairs difperfed on the fore-part. | 


It is larger than the tnichoda granata, and of a yellow colour ; 
it is a thick animalculum, pellucid, and replete with a kind of 
’ clay molecules; it is very lively, moving about with fo much 
velocity as to elude the fharpeft fight and moft pertinacious ob- 
ferver, fometimes appearing {pherical, fometimes reniform, (kid- 
ney-fhaped) fometimes as at Fig. 67. 


186. -Trithoda Orbis. 


Trichoda orbicularis, anticé eniarginata crinita. Orbicular, 
the fore-part notched and hairy. | 


It m fome refpefis refembles the former, but is larger ; is orbi« 
cular, {mooth, and pellucid, a little notched i the fore- “part: 
the hairs, which are longer than ufual, occupy this incifion, the 
reft of the margin has no hairs 5 the whole is compofed of yeficu- 
lar molecules. nS 


\ 


} 
\) -y 
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181, Trichoda Urnula. Fig. 64. 


Trichoda urceolaris, antice crinita. This trichoda is in the 
form of a water pitcher, the fore-part hairy. 


A membranaceous pellucid animalculum, the hind-part obtufe, 
the middle: fomething broader, the fore-part truncated, filled: 
with veficular black molecules; the hairs in the fore-part are: 
even and fhort. It’s motion 1s flow. 


482. Trichoda Diota.. 


- Trichoda urceolaris, antice anguftata, ora apicis utrinque cri- 
nita. Pitcher-fhaped trichoda, the fore-part fmalleft, each edge 
of the upper-part of the mouth hairy. 


The body is of a clay colour, and filled with molecules; the: 
lower part fpherical, the upper part cylindrical and truncated.. 


183. Trichoda Horriday. 


-'Tricheda fubconica antice Jatiufcula, truncata poftice obtula,. 
fetis radiantibus.cin@a.. Trichoda fomewhat of a conical:form,, 
the fore-part rather broad and truncated, the lower part obtules, 
the body covered with radiating briftles.. 
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184. Trichoda Unnarium. 


Trichoda ovata, roftro breviflimo crinito. Egg-fhaped, with 
a {hort hairy beak. 


185. Trichoda Semiluna. 


Trichoda femiorbicularis, antice fubtus crinita. Semiorbicu- 
lar, the fore-part hairy underneath. | 


A pellucid fmooth animalculum, refembling the figure of the 
moon in the firft quarter. : 


186. Trichoda Trigona. Fig. 63. 


_ Trichoda convexa, antice ciliata, poftice erofa. Convex, the 
fore-part ¢iliated, the hind-part as it were gnawed off. 


This is a triangular animalculum, a little convex on both fides, 
the fore-part acute, the hind-part a little broader. A notch is. 
feen at a in the hind-part, b the ciliated fore-part, c a tube.. 


187. Trichoda Tinea.. 


Trichoda clavata, antice crinita, poltice grofla. This is club+ 
bed, the fore-part hairy, the hind-part large. 


This animalculum is round, not very pellucid, refembling an — 
imverted club, narrow before ; it is alfo like {ome of the tinea. 
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188, ‘Trichoda Nigra. 
Trichoda ovalis comprefla, antice latior crinitta. -Owal com- 
preffed trichoda, the fore-part broader and hairy. . 


The body is opake, when in violent motion it is black, when 
at reft one fide is pellucid; the middle of the fore-part. is fur- 
nifhed with little moveable hairs. It was found in falt water. 


189. Trichoda Pubes. Fig. 61 and 62. 


Trichoda ovatc->blonga gibba, ant'ce depreffa. An egg- 
{haped oblong bunch, fore-part depreffed. 


An animalculum with a bunch above the hind-part, marked 
with black fpots, deprefled towards the top, a little folded, and 
fomewhat convex underneath; at leaft this is. it’s appearance 
when in motion. Very minute hairs occupy the apex, but 
which are with difficulty feen, except when it is in the agonies of 
death, it then ftretches them out with all it’s might from an arch- 
ed chink at the top, moving them vehemently, and endeavouring 
as it were to draw in the laft drop of water. Is found in water 
where the duck-weed grows, moftly in December. b the hairs, 
¢ the black globules, a the projecting bunch. : 


190. Trichoda Floccus. 


Trichoda membranacea, antice fubconica, papillis tribus. crini- 
tis. Membranaceous trichoda, the fore-part rather conical, three 
imal] papilla project from the bafe, which are fet with hairs. 
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191. Trichoda Sinuata. 


Trichoda oblonga deprefla, altero margine finuato crinita, 
poltice obtula. An oblong deprefled trichoda, one margin hol- 
low and hairy, the lower mat obtufe.. 


The inteftines feém to be more lymphatic than molecular ; it is 


of a yellow colour, the hollow edge is that which is ciliated. It 
was found in river water. 


192. Trichoda Praceps. 

Trichoda membranacea, fublunata, medio protuberante, ex- 
trorfum crinita. | Membranaceous trichoda, fomewhat lunated, 
protuberant m the middle, a row of hairs on the outfide. 

A pellucid membrane, the fore-part formed into a kind of 
neck, one edge rifes into a protuberance like a hump back, the 
other edge is convex. 

193. Frichoda Proteus. Fig. 56, 57, 58, 59, 60, Plate XXV. 

Trichoda ovalis, poftice obtufa, collo elongata retraétile, apice 


crinito. Oval trichoda, the lower part obtufe, with a long neck, » 
which it has a power of ae or extending. 


- _ Baker’s Empl. for Micr, p. 340, 948. 


- This 
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This is the fame animalculum, which was dignified by Mr. 
Baker with the name of proteus, on account of it’s afluming a 
great number of different {hapes, fo as fcarce to be known forthe — 
fame animal in it’s various transformations; and indeed, unlefs it 
be carefully watched while pafling from one fhape to another, it 
will often become fuddenly invifible. 


When water, wherein any forts of vegetables have been infu- 
fed, or animals preferved, has ftood quietly for fome days, or 
weeks, in any glafs or other veflel, a flimy fubftance will be col- 
le&ted about the fides, fome whereof being taken up with the 
- point of a penknife, placed on a flip of glafs, in a drop of water, 
and looked at through the microfcope, will be found to harbour 
feveral kinds of little animals that are feldom feen fwimming 
about at large. The infect we are treating of is one of thefe, and 
was difcovered in fuch flime-like matter, taken from the fide of a 
glafs jar, in which {mall fifhes, water-{nails, and other creatures 
had been kept. It’s body in fubftance and colour refembled a 
{nail’s; the fhape thereof was fomewhat elliptical, but pointed at 
one end, whilft from the other a long, f{lender, and finely-pro- 
portioned neck ftretched itfelf out, and was terminated with a 
head, of a fize bee fuitable to the other parts of the 


animal, 
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194. Trichoda Verfatilis. 


~ Trichoda oblonga, poftice acuminata, collo retractili, infra 
apicem crinito. Oblong trichoda, the hind-part acute, with a 
neck that it can extend or contract at pleafure, the under part of 

the extremity of the neck hairy. : 


“ft refembles in, fome meafuire the trichoda proteus,. but the 
neck is fhorter, and the apex lefs fpherical, the hinder-part of 
the trunk acute, It lives in the fea. — 


“195. Trichoda Gibba: Fig. a 


; Panicon anodes, cide gibbera, ventre excavata, antice. 
ciliata, extremitatibus obtufis. Oblong trichoda, with a bunch 
on the back, the belly hollowed out, the fore-part ciliated, both 


ends obtufe. 


The body is pellucid, the upper-part {welled out, within it are 
numerous obfcure molecules,‘and three large globules, the ends 
rather incline downwards: when the water begins to fail, a few 
minute hairs may be difcovered about the head, and at the abdo- 
men; the body then becomes ftriated longitudinally. 


196. Trichoda Foeta,. 


Trichoda oblonga, dorfo protuberanté, antice ciliata, extremi-' 
tatibus obtufis. Oblong trichoda, with the back protuberant,’ 
the fore-part ciliated, both ends obtufe. 
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The body is round and long, and when extended refembles. a 
rolling-pin in fhape, with the ends obtufe, and one fhorter than 
the other; it can draw in the ends, _and fwell out the fides, fo 
as to appear almoft Ipherical. 


197. Wrchbaa Patens, “Fig. 54.. 


_ Trichoda elongata, teres, antice foveata, fove. marginibus 
ciliata. This trichoda is. long, round, in the fore- ~part it has & 
Jong hole, the edges of which are ciliated. 


It is a long cylindrical animalculum, filled with molecules, the 
alee: -part bright and clear, a long opening (a) near the top, which 


tapers to a point, and is befet with hairs. It is found of, 
different lengths in falt water. 


198. ‘Phicheds Posie: | 


. Trichoda ,ventricofa,. fubovata,. antice canaliculata, apice & 
eanaliculo crinito. Ventricofe, rather inelining towards an. oval 
figure, with a fmall tube at.the,fore-part, the upper ene of the. 
tube befet, with hairs. 


199. ‘Trichoda Foveata. 
Trichoda oblonga, latiufcula, antice corniculis micantibus, 


poftice..mutica,, Oblong trichoda,, rather broad; three little 
horns.on the fore-part, the hinder-part beardlels, 


200. Tri- 
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200.  Trichoda Striata. 


Trichoda oblonga, altero margine curfum, @Auata eteiltata, 
utraque extremitate obtula, Oblong trichoda, one edge rather 
curved, and alfo furnifhed with a row of hairs, both extremities 
obtufe. 


It is a fplendid animalculum, of a fox colour, and at firft fight 
might be taken for a kolpoda. The body is oblong, the lower 
end is the largeft, the body becoming fmaller at that part where 
the hairs commence ; it has a fet of ftreaks which run from one 
end to the other, and at the abdomen a double row of little eggs, 
lying in a tranfverfe dire@tion. It was found in river water in 
December. 


201. Trichoda Uvula. Fig. 59. 


Trichoda planiufcula elongata, aequalis, aihice Gann Rather 
flat and long, of an equal fize throughout, the fore-part hairy. 


This animalculum is fix times longer than it is broad, round, 
flexuous, of an equal fize, the greater part filled with obfcure 
molecules, the fore-part (a) rather empty, diftinguifhed by an 
alimentary canal, and lucid. globules near the middle c; fhort 
hairs occupy the margin of the fore-part, fome are difperfed into 
a chink near the canal... Found in an infufion of hay, &c. 
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202. Trichoda Aurantia. 


Trichoda fubfinuata, ovata, antice patula, apice ad mediure. 
erimita. Trichoda fomewhat finuated,, oval, the fore-part broad, 
the apex hairy to the middle. 


It is of a gold colour, pellucid, and filled with a variety. of 
velicles.. : 


209.. Trichoda Ignita.. 


Trichoda ovata, apice acuminata, fubtus fulcata, fulco crinito: 
Oval trichoda, theapex. rather. acute, the under part. furrowed,. 
the furrows hairy.. 


It is of a fine purple gold colour, fomewhat of a reddifh cait;. 
pellucid, fplendid, with a number of different-fized globules ; the- 
fore- “part {mall, the hind-part obtufe, and having a very large: 
meee which runs as it were through the body.._ 


204.. Trichoda. Prifma. 
Trichoda ovata; fubtus eonvexa, fupra in carmam-compreffa, 
antice anguftior. Oval trichoda, the under part convex, the upé- 


per part eaaae into.a kind of keel, 2 fore-part {mall; 


It is -very: {mall} and fi tranfparent, as not eafily to-be de. 
lineated ;, no hairs could be obferved, and it’s form is fingular.. 


205. Tri- 
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205. ‘Trichoda Forceps. . 


Trichoda ovalis, antice forcipata, cruribus inzqualibus crini- 
tis. Oval trichoda, with a pair of forceps at the fore-part, with. 
unequal hairy legs. 


A large animalculum, fomewhat deprefled, of a pellucid yel- 
low colour, filled with molecules; in the lower part there is.a 
black opake globule, the fore-part is divided into long lobes, one 
of thefe in the fhape of a bill, (falciformis) and acute, the other 
is dilated, and obliquely truncated ; both the apex and the edge 
of thefe are furnifhed with hairs of different lengths; it can open 
and fhut thefe forceps, and-crofs them-at pleafure; by this motion 
it fucks in the water. It was found in water that was covered: 
with lemna, about the winter folftice. 


206. Trichoda Forfex. 
Trichoda ventrofa, antice forcipata, poftice papilla duplici : 
inftru@a. Ventrofe trichoda, the fore-part formed into a kind of 


forceps, and two {mall protuberances.. 


One of the forceps of this animalculum 1s twice as long as the 
other, hooked, and ciliated. It was.found in river water.. 


207. Trichoda Index. 
' Trichoda obovata, margine antico fubtus. crinito, alieroque 


apicis in degitum producto. Obovated trichoda, the under part 
of 
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of the front margin hairy, the apex is formed by the fore-part, 


projecting like the finger on a dire€tion- polt. It was found in 
falt water. 


208. Trichoda S. 


Trichoda {triata, antice ciliata, extremitatibus in oppofitam 
flexis. Striated trichoda, the fore- -part ciliated, the extremities 
bent in oppofite directions, 


A yellow animalculum, formed of two pellucid membranes, 
ftriated longitudinally ; the lower end 1s obliquely truncated. 


209. Trichoda Navicula. 


Trichoda triquetra, antice truncata ciliata, poftice acuta promi- 
nula. ‘Three-cornered trichoda, the fore-part truncated and 
ciliated, the hind-part acute, and bent a little upwards, 


It is cryltalline, rather broad, the uuder-fide towards the 
hinder-part convex, the fore-part broad, the apex nearly a {trait 
line, the bent end pointed and turned upwards; it has a kind of 
Jongitudinal keel running down the middle. 


210. Trichoda Succifa. 


Trichoda ovalis deprefla, margine. crinito, pottice In crura in- 
qualia erofa. Flattened oval trichoda, the edge hairy, the 
hinder-part hollowed out fo as to form two unequal legs. 
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211. Trichoda Sulcata; 


Trichoda ovato-ventricofa, apice acuminata, fulco ventral, 
utrinque crinito. Ovated ventricofe trichoda, the apex acute, 
a furrow atthe abdomen, both fides of it ciliated, 


. 


242. Trichoda Anas. Fig. qo. 


Trichoda elongata, apice colli fubtus crinito, Long, the apex 3 
of the neck underneath hairy. 


A fmooth animalculum, ie times broader than it is long, filled 
‘with darkifh molecules ; a bright neck b’c, under ‘the top of the 
neck at d there fhine a iy unequal hairs. It’s motions are lan- 
guid. It is found in pure water. 


213. Trichoda ’Barbata. 


Trichoda elongata, teres, fubtus ab apice ad medium crinita, 
Trichoda long, round,’ the under-part, from the apex to the mid- 
dle, hairy. : 


This animalculum is round, fomewhat linear, both ends ob- 
tufe, the fore-part narrower, forming as it were a kind of neck ; 
under this is a row of Poe hairs. The trunk is full of grey 
molecules. | 


214. Tri- 
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214. Trichoda Farcimen. Fig. 50 and 52, Plate XXV. 
Trichoda elongata, torulofa, fetulis cinéta. Long and thick 
trichoda, furrounded with {mall briftles, tte 


The body is long, round, pellucid, and covered with very. 
minute hairs; it has alfo about the body a an number of 
mec veficles. 


215. Trichoda Crinita. 


Trichoda elongata, teres, undique ciliata, fubtus ad medium 
ufque crinita. Long trichoda, round, every-where ciliated, the 
under-part alfo hairy as far as the middle, | 


216. “‘Trichoda Angulus. 
Trichoda angulata, apice crinita. Angular, the apex hairy. 


This animalculum is leng, more convex than moft of it’s kind, 
divided, by a kind of articulation, into two parts, of equal 
breadth, but differing in length, the fore- -part fhorter than the 
hind-part, the apex furnifhed with fhort waving hair, indiftinc 
molecules within-fide, no hair on the hind-part. 


207. Trichoda Linter. Fig. 51; Plate XXV. 
Trichoda ovato oblonga, utraque extremitate prominula. ‘The 


fhape of an oblong egg, with prominencies at both extremities. 
Both 
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Both extremities of the body are raifed, fo as to be convex at 
bottom, the upper part deprefled like a boat; fometimes the 
whole body whirls about. It differs from itfelf at different ages. 
Is found in an infufion of old grafs. 


218. Trichoda Paxillus. 


Trichoda linearis depreffa, antice truncata crinitaque, poftice 
obtufa. Linear flat trichoda, the fore-part truncated and hairy, 
the hinder-part obtule, 


A long animalculum, full of grey molecules, the fore-part ra- 
ther {maller than the hind-part, and furnifhed with minute hairs. 
- Was found in falt: water. 


219. ‘Trichoda Vermicularis. Fig. 1, Plate XXVI. 


Ttichoda elongata, cylindracea, collo brevi, apice crinito. 
Long cylindrical trichoda, with a fhort neck, the apex hairy. 


Gelatinous, the fore-part pellucid, the hind-part full of mole- 
cules. It was found in river water. It is reprefented in different 
appearances in the figure, a the neck, b the hairs, a little 
veficle in the hinder-part. 


220, Trichoda Meliteas Fig. a, Plate XXVI. 


Trichoda oblonga, ciliata, collidilatabilis, apice globofo, pili- 
tero. Oblong ciliated trichoda, with a dilatable neck, the apex 
globular, and fyrrounded with hairs, the edge is ciliated, and a 

4B kind 
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kind of periftaltic motion. may be perceived. It is very rarely: 
found; and even. then in falt. watér... a the neck,.b: the globular 
apex, @ the body ciliated. ¥ | 


922. Trichoda Fimbriate. Fig: 2;,. Plate XXVI.. 


Trichoda obovata, apice crinita,. poftice oblique truncata. fer-- 
rata. Obovated tricheda, the apex: honey. t the: hinder-part.. obs- 
liquely truncated.and. ferrated. | 


229% Trichoda Camelus.:. 


Trichoda antice crinita, erafliufcula-‘medio utrinque emarginata;. 
Thick, and the eet hairy, with notches on the. middle | and 
each fide. 


The fore-part of the Body. is: ventricofe ;. the back is divided, by. 
an incifion in the middle, iiito two tubercles, the lower part of the - 
belly, finuated. Languid. in it’s. motion. . Is. found, though not: 
often, in infufions of vegetables. . 


OR AS. Trichoda Augur:. 


Trichoda. oblonga, vertice truncata, antico corporis margine,. 
fuperne pedata, interne fetof2. The body oblong, deprefled,. 
pellucid; and filled. with molecules; the vertex truncated, the- 
fore-part: forming, a. {mall beak, underneath are three: feet; ; 
- beyond thele, towards the Hinder-part, itis furnifhed with briftless 
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225. ‘Trichoda Pupa. 


Trichoda cucullata, fronte crinita, cauda inflexa. This tri- 
choda is hooded, the front hairy, the tail infleéted. . 


At firft fight it refembles the pupa of the gnat. The body is 
rather round, pellucid, and may be defcribed as confifting of 
three parts; the head, which is broad, and as it were hooded, 
the top furnifhed with very {mall hairs, a tranfparent veficle oc- 
cupies the lower region of the head, anda certain produétion 
hangs over the breaft from the bafe of the head, refembling the 
fheath of the feet in thé pupa of the gnat, 


096. 'Trichoda Lunaris: 


Trichoda arcuata, teres, apice crinita, cirro caudali inflexo, 
Arched trichoda, round, the apex hairy, the tail bent. 


This animalculum bends itfelf in the form of an arch, is round 
and cryftalline, the hind-part fomewhat {maller than the fore- 
part; the inteftines are with difficulty diftinguifhed. The edge 
of the back, and the part near ahs tail, are bright and clear.» 


207. Trichoda Bilunis. 


- Trichoda arcuata, depreffa, apice crinita, cauda bifeta. Arch: 
ed flattened trichoda, the apex hairy, two little briftles pr oceed: 
ng from the tail. 
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228, Trichoda. Rattus: Fig. 4,. Plate XXVI. 


-,Trichoda, oblonga, carinata, antice crinita, poftice feta lon: 
giflimae Oblong: trichoda, with a kind of keel, the fore-part 
hairy, a very long briftle proceeding from the hinder-part. a. 
the mouth, bra fmall knob: at.the bending-of the tail, c the-tail.. 


209, Tx Mees Tigris. 


Trichoda. ubsagligelaaa eee apice crinita, cauda fetis 
duabus longis.. This trichoda is long, and fomewhat cylindrical,. 
the apex hairy, the tail divided into two long briftles.. 


It differs from the preceding in-two particulars ; firft, that of the: 
tail; fecond, in a kind of incifion in the body, at fome little: 
diftanar from the. APeX.. 


230. Trichoda Pocillum: Fig. 5 and 6,. Plate XXVI.. 


Trichoda oblonga, antice truncata, crinita, ,cauda articulata,. 
bifeta. - Oblong trichoda, the fore-part truncated and hairy, the 
tail articulated, and divided into two briltles.. 


The body is cylindrical;. pellucid,. mufcular, capable of being, 
folded up, feems.as if it were formed of two; the interior one, 
which is filled with molecules, has alfo an orbicular mufcular ap-. 
pendage, which it can {hut and open, and that forms the mouth, 
The exterior one is membranaceous, dilated, | pellucid, . and 


marked. with tranfverfe ftreaks; the animalculum can protrude 
: - er. 
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er draw in the orbicular membrane at pleafure. In fome there 
are four articulations to the tail, in others five; it has two pair. 
of briftles, or projecting parts, one placed at the fecond joint, 
the other at the laft. It has been found very often in marfhy 
waters. InF ig. 6 it is feen with the mouth open, in Fig. 5 with 
it fhut, a the jaws, b the firft briftles, c the fecond pair, d the: 
{pine at the tail. 


231. ‘Trichoda Clavus.. 


Trichoda antice rotundata, crinita poftice acuminato-caudata.. 
The fore-part round and hairy, the hind-part furnifhed with a: 


fharp-tail. This animalculum is not much unlike in fhape to a 
common nail. 


232, ‘Trichoda. Cornuta: 


~Trichoda fupra convexa, fubtus plana, apice crinita, cauda: 
lineari fimplici. Trichoda with the upper part convex, the un-- 
der fide ‘plain, the apex hairy, the tail linear and fimple- 


To thefe charatters we may add, that the body is membrana- 
eeous, elliptical, crammed with molecules, the fore-part lunated, . 


the hinder-part round; and terminated with a tail as long as the: 
body.. 


299.. Tris. 
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999. Trichoda Gallina. 


“Trichoda elongata, antice finuata, fronte ¢rinita, cauda pilofa, 
Long trichoda, the fore-part finuated, the front hairy, the tail 
formed of {mall hairs. 


~The body flat, of a grey colour, ‘with feven large molecules 
-and globules within it, the front obtufe, and fet with hairs, the 
hinder-part terminating in a tail, which is formed. of very fine 
hairs. It was found in-river water. 


294. ‘Trichoda Mufculus. Fig. 7, Plate XXVI. 


‘Trichoda ovalis antice crinita, poftice fubtus caudata. Egeg- 
fhaped, the fore-part hairy, the tail projecting from the -under- 
part. 


A {mooth egg-fhaped animalculum, with a double margin, or 
line, drawn underneath it, the fore-part narrow, and furnifhed 
swith fhort hairs that are continually playing about ; underneath 
the hind-part is a fmall tail. It is furnifhed with molecular en- 
trails, and moves. flowly., Is found in infufions of hay, which 
have been kept for fome months. .a the head, ‘b the tail. 


295, Trichoda Delphis. 
Trichoda clavata, fronte-crinita, cauda acuminata, fabreflexa. 
Clubbed trichoda, ‘the front hairy, the tail fmall, and rather bent 
upwards. 


6 5 abe 
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Tt is {mooth and pellucid, the fore-part dilated into a femi- 
circle, decreafing in breadth towards the tail; the hairs ftand as | 
rays from the femicircular edge at the front, one edge is. fome- 
times contraéted. Itis to be found in river water. 


236. Trichoda Delphinus. Fig. 8, Plate XXVL 


Trichoda oblonga, antice crinita, poftice cauda reflexa trun- 
eata. Oblong, the fore-part hairy, in the hind-part is the tail, 
which is turned back, the end of it truncated. 


A pellucid, fmooth, ui og animaleulum; /the hind-part: 
is produced into a tail about half the length of the body, dilated. 
at the upper.end, and'truncated; it is always bent upwards, 


In the infide are veficles of: an unequal fize; it fometimes 
moves on it’s belly, fometimes on one fide ; the tail feldom varies . 
in it’s pofition. Was found’ in hay that had been infufed for: 
fome months.. a the hairs on the fore-part,.b the tail. | 


297. ‘Trichoda. Clava:. 


Trichoda clavata, fronte crinita, cauda reflexili, The club, 
trichoda, the fore-part hairy, the tail turned back. — 


The fore-part is thick, the hind-part narrow, both extremities 


obtufe, pellucid and replete with molecules, the hind-part bent. 
downwards towards the middle. 


298. .Tri-. - 
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238. Trichoda Cuniculus. 


‘Trichoda oblonga, antice crinita, poftice fubacuminata. 
Oblong, the fore-part hairy, the hind-part rather acute, filled 
‘with molecules and black veficles. 


239. ‘Trichoda Felis. Fig. 9, Plate XXVL 


‘Trichoda.curvata, .grofla, antice anguftior, poftice in caudam 
attenuata, fubtus longitudinaliter.crinita. Curved trichoda, large, 
_ the fere-part-{mall, the hinder-part gradually diminifhed fo.as to 
form.a tail, the under-fide befet longitudinally with hairs. .a the 
head, b the tail, c the hairs. | 


240. Trichoda Pifcis. Fig. 19-and 14, Plate XXVI. 


‘Trichoda oblongata, antice crinita, poftice in caudam exqui- 
fitam attenuata. Oblong, the fore-part hairy, the hind-part ter- 
minating i a very flender tail. Smooth and pellucid, much 
longer than it is broad, but of nearly an equal breadth through- 
out, filled with yellow molecules, the fore-part obtufe, the hind- 
part exquifitely flender and tranfparent, the upper fide is convex. 
a the fore-pait, b the tail. 


241. Tnchoda Larus. 


Trichoda elongata, teres, crinita, cufpidi caudali duplici. 
Long round trichoda, befet with hairs, the i divided into two 
points. See Zoologia Danica, 


249, Tre 


Microscopican Essays. 593 
949. Trichoda Longicauda. Fig. 10, Plate XXVI. 


Trichoda cylindracea, antice truncata et crinita, cauda elon- 
gata, biarticulata & bifeta. Cylmdrical trichoda, the fore-part 
truncated and fet with hairs, the tail long, with two joints, and 
terminated by two briftles. a the hairs at the mouth, d the oefo- 
phagus, c the articulation of the tail, f the briftles, 


SA richoda Fixa. 


Trichoda fpherica, peripheria crinita, pedicello {olitario. 
Spherical trichoda, the circumference fet with hairs, and a little 
folitary pedicle projeCting from the body. 


244. Trichoda Inquilinus, 


Trichoda vaginata, folliculo cylindrico hyalino, pedicello in- 
‘tra folliculum. retortili. Sheathed trichoda, in a cylindrical 
tranfparent bag, and a little pedicle bent back within the bag. 
See Zool. Dan. prodr. addend. p. 281. | 


245. Trichoda Ingenita, 


Trichoda vaginata, folliculo deprefla, bafi latiore {effilis, 
Sheathed trichoda, the bag deprefled, the bafe broadeft. 


The animalculum that. is contained in this fheath is funnel. 
fhaped; a hair, of hairs, may be perceived on each fide of the 
mouth of the funnel. It can extend or contraét itfelf freely in 
sgl Tee | 4 C 7 the 
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the bag, without even touching the fides, the tail refting on the 
bafe thereof. It was found in falt water. 


246. Trichoda Innata. Fig, 11, Plate XXVI. 


Trichoda vaginata, folliculo cylindrico, pedicello extra folli- 
culum. Sheathed trichoda, with a cylindrical bag, the pedicle 
pafling through and projecting beyond the bag. Thefe characters 
diftinguifh it fuficiently from the preceding one. b the animal- 
culum in the fheath, d the tail. 


247. Trichoda Transfuga. 
Trichoda latiufcula, antice crinita, poftice fetofa, altero latere 
finuata, altero mucronata. Broad trichoda, the fore-part hairy, 


the hinder-part full'of briftles, one fide finuated, the other poit- 
ed. See Zool. Dan. prod, addend, p. 281. 


248. Trichoda Ciliata. 


Trichoda ventricofa, poftice crinibus pectinata. See Took 
Dan. Icon. tab. 73, Fig. 13, 15. | 


249. ‘Trichada. Bulla. 


Trichoda membranaeea, lateribus inflexis, antice & poftice 
crinita. Membranaceous trichoda, the fides bent inwards, the 
fore and hind-part are both furnifhed with hairs; it differs only 
by the laft circumitance from the burfaria bulla. 


250. Tri- 


‘Microscopicanu. Essays, 595 


250. Trichoda Pellionella, 


_Trichoda cylindracea, antice crinita, poftice fetofa. Cylindri- 
cal, the fore-part hairy, the hinder-part furnifhed with briftles. 


This trichoda is rather thick in the middle, pellucid, with a 
few molecules here and there, the fides obtufe, the fore-part 
ciliated, the hairs very fine, the hind-part terminating in a kind 


of briftles. 
251. Trichoda Cylhdium. Fig. 15, Plate XXVI. 


Trichoda ovata, apice hiante, bafique crinita, Egg-fhaped, 
the apex gaping, the bafe hairy, | 


~ Pellucid, replete with globules of different fizes, in the hind- 
extremity ; the fore-part narrower, without any foot{teps of an 
external organ. It vacillates upon the edge, commonly ad- 
vancing on it’s flat fide, continually drawing up water; it then 
gapes, opens into a very acute angle, almoft tothe midalte of the 
body. It is dificult to be perceived, as it effects this in an 
inftant. a the.mouth, b the hairs or briftles, which it extends 
when in agonies, | 


252. Trichoda Curfor. 
Trichoda ovata, antice crinita, poftice duplici pilorum ftriéto- 


rum & curyorum fafciculo. Oval trichoda, the fore-part hairy, 
4C2 the 
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the hinder-part furnifhed with two fafcicles of ftrait and curved 
hairs. 3 ob sack 


The body flat, and filled with molecules; in the fore-part 
there is an oblong empty {pace, into which, under certain Cir- 
cumftances, we may fee the water as it were fucked in. 


953. Trichoda Pulex.. Fig. 12, Plate XXVI. 


_ Trichoda ovata, antice incifa, fronte & bafi crinita. Egg- 
fhaped, with an incifion in the fore-part, the front and the bafé 
hairy. a-the anterior, b the pofterior part, c the incifion. 


254. Trichoda Lynceus. Fig. 16, Plate AXVI. | 


Trichoda fubquadrata, roflro adunco, ore crinite. Nearly 
{quare, with a crooked beak, the mouth hairy. 


At firft fight it does not appear very diffimilar to fome of the 
monoculi, ‘The body is membranaceous, and as it were coém- 
prefled, being broad without thicknefs, firetched out into a beak 
above, the lower part truncated ; under tke beak 1s a little’ bun- 
dle of hairs, the lower edge bends in and out, and is girt round 
with a few briftles. The inteftines are beautifully vifible, a fmall 
bent tube goes from the mouth to the inteftines in the middle of 
the body; thefe, as well as the tube, are in frequent agitation; 
another tube is alfo perceivable between the fore and hind edge. 
It is filled with a blue liquor. “a the beak, b the mouth, ¢ the © 
bale. | . ; 


252. Tri- 
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255: Trichoda Erofa. | 


Trichoda orbicularis, antice emarginata, altero latere crinita, 
poftice fetofa. Orbicular trichoda, the fore-part notched, one 
fide fet with hairs, the hinder-part with briltles. 


’ 256. Trichoda Roftrata. 


Trichoda deprefla, mutabilis, flavefcens, ciliis longis fetifque 
pediformibus. Deprefled trichoda, mutable, yellow, with long 
ciliated hairs, and feet tapering to a point. 


The body depreffed, both the feet and hairs are within the 
margin, the feet are four in number, one of them is longer than 
the reft. The figure of the body is for the moft part fomewhat 
triangular, the apex formed into a kind of obtufe beak ; the beak 
is fometimes drawn in fo that the animalculum then appears alto- 
gether orbicular. Found in water where duck-weed has been 


kept. | 
257. Trichoda Lagena, 


Trichoda teres, ventricofa, roftro produéta, poftice fetofa. 
Round ventricofe trichoda, with a jong neck, the lower end. fet 
with briftles. 


258. Tri- 
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258. Trichoda Charon. Fig. 17 and 18, Plate XXVI. 


Trichoda cymbiformis fulcata, antice et poftice crinita. Boat-~ 
fhaped trichoda with furrows, the fore and hind-parts both 
hairy. 


The body is oval; it refembles a boat both in fhape and mo- 
‘tion, the upper part-hollowed, thé under part furrowed and con- 
‘vex, the flern round, with feveral hairs proje€ting from it. 
Several hairs may alfo be feen on one fide. Was found in falt 
water. a the head, b the tail; d, Fig. 18, a pellucid bubble 


that is fometimes to be perceived. 
259. Trichoda Cimex. Fig. 19, Plate XXXI. 


Trichoda ovalis, marginibus lucidis, antice et poftice crinita, 
Oval trichoda, with a lucid margin, both the fore and hind-part 
hairy. 


Tt 1s about the fize of the trichoda lynceus, an oval body, the 
_ back convex, the belly flat, an incifion in the edge of the fore- 
part ; the edges of this incifion are feen to move, It’s inteftines 
are pellucid and ill-defined. 


It both fwims and walks. When it meets with any -obftacles, 
four {mall briftles, which are fixed underneath, come into view; 
thefe it ufes as feet. a the hairsin the fore-part, b the briftles at 
the hind-part, d the back, e two {mall projecting hairs. 


260. Tri- 
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60, Trichoda Cicada. 


Picket sige marginibus obfcuris, antice & fubtus crinita, 
poftice mutica. Oval trichoda, with an obfcure margin, the 
fore-part underneath fet with hairs, the hinder-parts beardlefs. 


It does not differ confiderably from the preceding, though M. 
Muller has pointed out fome {hades by which they ee be dif- 
eriminated, 


XIV. KEROWNA. 


Vermis inconfpicuus corniculatus. An invifible worm with 
horns. | 


261% Kerona Raftellum. - 


Kerona_ orbicularis membranacea, nafuta, corniculis in tota 
pagina. “Membranaceous orbicular kerona, with one projecting 
point, the upper furface covered with fmall horns. Thére are 
three rows of horns on the back, which nearly occupy the whole 
of it. It was found in river water. 


262: Ke- 
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262. Kerona.Lyncafler. 


Kerona fubquadrata. rofltro obtufo, .difco corniculis micanti- 
bus. ‘This {pecies of kerona is rather fquare, the difc furnifhed 
with fhining horns. See Zool. Dan. prod. add. p. 281. 


263. Kerona Hiftrio. Fig. 20, Plate XXVI. 


Kerona oblonga, antice punclis mucronatis nigris, poftice pin- 
‘nulis longitudinalibus, inftruéta. 


It is an oblong membrane, pellucid, with four or five black’ 
points in the fore-part, which are continually changing their fitu- 
ation, thick fet with {mall globules in the middle, among which 
four larger ones are fometimes perceived, thefle are probably 
eggs; in the middle {pace of the hind-part are fome longitudinal 
firokes refembling briftles; they do not feem to projett beyond 
the body. b the horns, c fome hairs, d a folitary horn, e a large 
globule, f fome briftles. 


264. Kerona Cypris. Fig. 21, Plate XXVI. 


Trichoda obovata, verfus poftica fuperne finuata, antice crinita. 


Ege-fhaped, towards the hind-part finuated, the fore-part hairy. 


This animalculum is comprefled, and fomething in a_pear-fhape, 
the fore-part broad and blunt, the front is furnifhed with fhort 
hairs a, or little vibrating points inferted under the edge, Shorter 


5 | In 
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in the hind-part, partly extended ftrait, partly bent down; the 
motion is retrograde, It isfound in water which ts covered with 
lemna, 


265. Kerona Hauftrum. 


Kerona orbiculata, corniculis mediis, antice membranacea 
ciliata, poftice fetofa. Orbicular kerona, the horns in the middle, 
the fore-part membranaceous and ciliated, at the hinder-part 

there are feveral briftles. 


266. Kerona Hauftellum. 


Differs from the preceding only in having the hinder-part with- 
out any briftles. i 


267. Kerona Patella. Fig. 22 and 23, Plate XXVI. 


Kerona univalvis, antice emarginata corniculata, poftice fetis 
flexilibus pendulis. With one valve, orbicular, cryftalline, the 
fore-part fomewhat notched, the flefhy body lies in the middle of 
the fhell; above and below are hairs, or horns, of different 
lengths, jutting out beyond the fhell, and atting inftead of feet 
and oars, fome of which are bent; the fuperior ones conftitute a 
double tranfverfe row. a the fore-part, b the horns, d a lunated 
figure in the fhell, ¢ a pulpous body, f briftles at the hinder- 
part. , 


4 D 268. Ke- 
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268. Kerona Vannus. 


Kerona ovalis, fubdepreffa, margine altero flexo, oppofito cilt- 
ato, corniculis anticis, fetifque pofticis. Oval and rather flat 
kerona, one edge bent, the oppofite edge ciliated, the front fur- 
nifhed with horns, the hinder-part with briftles. 


269. Kerona Pullafter. Fig. By and. 25; Plate. XXVI. 


Kerona ovata, antice finuata, fronte creftata, bafi crinita. 
Oval, the fore-part finuated, a creft on the front, the bafe hairy. 


It agrees with the trichoda pulex m many particulars, but the 
upper part is pellucid, without any black molecules, the front 
truncated, the whole fuperficies of the head coveréd with hair, 
and the fore-part finuous. a the horns, b the hairs at the hinder- 
part, c the cilia of the front. 


270. Kerona Mytillus. Fig. 29, Plate XX VI. 
Kerona fubclavata, utraque extremitate latiori, hyalina: ciliata. 
Rather clubbed, broad at both extremities, clear and ciliated. 


A large animalculum, the fore and hind-part rounded, very 
pellueid and white, dark in the middle, with black inteftines, in- 
termixed with a few pellucid veficles. Both extremities feern as 
it were compofed of two thin plates. ‘The fore-part is ciliated, 
the hairs fhort, lying within the margin; it is alfo ornamented 


with 
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with two little horns, erected from an ob{cure mafs; with thefe it 
agitates the water, forming a little whirlpool. The hind-part is 


ciliated, and furnifhed with two briftles, that ftretch out beyond. 


the margin. a the horns, b the fore-part ciliated, c the hind- 
part, d projecting briftles. 


O71. Kerona Lepus. 


Kerona ovata; apice crinito, bafi fetofa. Egg-fhaped, the 
fore-part ie the bafe furnifhed with nee 


The body i is ege-{haped, comprefled, pellucid, crowned with 
fhort mans hairs, the bafe terminating with briftles 


272. Kerona Silurus. 


‘ Kerona oblonga, antice & poltice crinita, dorfo ciliato, | Ob- 
long, the fore and hind-part hairy, the back ciliated. | 


An oval fmooth animalculum, fomething crooked and ree 


a fafcicle of vibrating hair onthe fore-part; the hind- -part, or 


{harp tail, furnifhed aah unequal moveable rows of hairs, the 


back is alfo ciliated ; thefe hairs produce a rotatory motion, in 
the infide are fome unequal, lucid, opake points. The figure 


varies from oval to oblong, the filaments of the conferva are 
often entangled in the tail. | 


4 Dia | 273. Ke- 
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279. Kerona Calvitium. 


Kerona latiufcula, oblonga, antice corniculis micantibus. Ra- 
ther broad, oblong, with glittering horns on the fore-part. 

The body is rather broad and flat, both fides obtufe, filled 
with black molecules, and more particularly a dark {pot near the 
hinder-part ; the interjacent veficles are pellucid, no hairs on the 
fore-part, but inftead thereof two little moveable horns, and-from 
three to five moveable black points,.a few fhort briftles. at the 
hind-part. Found in the infufions of vegetables. 


274. Kerona Puftulluata.. 

Kerona ovalis convexa, poftice altero margine finuata, utraque 
extremitate crinita, corniculifque anticis: Oval convex kerona, 
one edge of the hinder-part finuated, both ends fet with hairs, 
and fome horns placed on the fore-part. 

This animaleulum was. found in falt water. 


XV. HiMANTOPUS. 


-- Vermis inconfpicuus, pellucidus, cirratus. A pellucid, invi- 
fible, cirrated * worm. 


275. Hi 


#* That is, furnithed with a tuft or lock of hair. 
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r 275... ddimantopus Acarus. . Fig. 27, Plate XXVI. 


Himantopus ventrolus, poftice cirratus, antice acuminatus. 
Ventrofe himantopus, the hinder-part cirrated, the fore- part 
{harp. 


Tt is a lively, conical, ventricofe animalculum, full of black 
molecules, the fore-part bright and tranfparent. The apex is 
more or lefs attenuated, at the will of the little creature, with 
rows of long hairs, like fo many rays underneath; four locks of 
hair, or feet, long and crooked, proceed from the belly; it is 
continually moving thefe and the other hairs in various direc- 
tions, it has the fame circular motion in the fame place. It is 
found, though feldom, where there is lemna. a the apex, b the 
ciliated part, c the feet. 


276. Himantopus Ludio. Fig. 26, Plate XXVI. . 


Himantopus cirrata, fupra crinita, cauda furfum extenfa. 
Curled himantopus, the upper part hairy, the tail extended up- 
wards. | 


This is a lively and diverting animalculum, {mooth, pellucid, 
full of little points, the fore-part clubbed, and a litle bent, the 
hind-part narrow, the bafe obliquely truncated, terminating in a 
tail ftretched out tranfverfely. The top of the head, and the mid-, 
dle of the back b, furnifhed with long vibrating hairs ; from the - 

| fide 
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fide of the head hang three moveable and flexible curls a, diftant 
from each other. When the ariiinalculum’ is in ‘motion, ‘the tail 
is drawn tight, and extended upwards; and often appears as if it 
was cleft. It is curled up when the little creature is at reft. | 


277. Himantopus Sannio, 


Himantopus incurvata, fupra ciliata, infra crinita. Crooked 
himantopus, the upper part ciliated, the under part hairy. 


It is very much like the himantopus ludio, the cilia are longer 
than the hairs, and are continually vibrating; it has alfo two 
moveable curls hanging on both fides the head. Is found but 
feldom, and then generally in water where the lemna vegetates, 


279. Himantopus Volutator. , 


Himantopus lunatus, antice cirratus. Lunated himantopus, 
the fore-part hairy. | 


A very lively animalculum, of the fhape of a crefcent, with 
fome vifible cryftalline points, the convex part furnifhed with 
a row of hairs, which are longeft towards the tail; underneath 
are four feet. It often turns round fwiftly ina circular direétion, 


280. Himantopus biarva. 


Himantopus elongatus, medio cirratus. Long himantopus, 
cirrated in the middle. | 


Beir | By 
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By it’s motion it refembles the himantopus ludio, but differs 
from it in figure and fituation of the parts: The body is rather 
depreffed and long, the hinder parts acute, and generally curved, 
pone filled with g granular tholecules. 


281. Pigotenus ree: 


Himantopus cymbeformis fulcata, in fovea ventrali cirrata. 
Boat- thaped furrowed Aumantopus,: the hollow part of the belly 
cirrated. | 


"An, oval pellucid, membrane,. the fore-part hairy, furrowed 
ce udinally, each fide, bent\up. fo as to form, .an, intermediate 
hollow -place,; or belly, crammed. with grey. molecules); beneath 
the middle: 1 it. has feveral bent diverging rows of hairs; no hairs on 
the hinder-part...,Rarely to be found;. and then in fea-water. 


« 282:.,. Himantopus. Corona. 


taal oe G-91t ai BS Big el | galGils 
Himantopus femiorbiculata, deprefla, in utraque pagia cirra- 
ta. Semiorbicular himantopus, flattened, both fides cirrated. 


A membranaceous lamina, verpthin, very pellucid, cryftalline, 
femilunar; the edge of the bafe thick fet with molecular in- 
teftines; the other angle,:or fore-part, furnifhed with fhort hairs,. 
or akind of mane; towards the -hind-part three equal curved 


arr. or Eanes. 


XVI. Vor- 
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FEV. VOR, TI GEL tehdy rn oo 


“Vermis contraétilis, nudus, ciliis rotatoriis. A worm capable 
-of contraéting or extending itfelf, naked, with rotatory cilia. 


283. Vorticella Viridis. Fig. 31, Plate XXVI. 


‘Vorticella cylindracea, uniformis, viridis opaca. Cylindrical, 
‘uniform, green, and opake. 


To the naked eye it appears as a {mall green point, through 
the microfcope as‘an opake ‘corpufcle, of ‘a datk-green colour, 
cylindrical, obtufe at both extremities, yet rather’ thicker in the 
fore-part a; very fimple, deftitute’ of limbs, ‘not changing it’s 
figure. Notwithftanding it’s fimplicity,. the continual motion 
into which it puts the water gives room to fufpeé that it is fur- 
nifhed with an invifible rotatory inftrament, it moves fometimes 
circularly, fometimes ina firait line. a the fore-part, b the hind- 
part, c fhort hairs. 


wie Vorticella pias ioe 


‘Vorticella iodbediacadel iatear tiniforsmis, opaca. A globous 
cylinder, uniform and opake. | 


To the naked eye it.appears little more than a ‘point fwirnming 
about in the water; ‘but with ‘the: ‘microfcope as a globular mrafs, 
of a .dark- “green colour ; :they-occafion a vehement motion in the 

adjacent 
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adjacent water, very fhort hairs, which are probably the caufe 
thereof, may be perceived. 


285.° Vorticella Cinéta. Fig. 30, Plate XXVI. 


Vorticella trapeziformis, nigro-viridis, opaca. ‘This vorticella 
is in the form of a trapezium, of a blackifh green colour, and 


opake. 


It is of an irregular figure, invifible to the naked eye, ciliated 
on every fide, the hairs all moveable, and longer on one fide 
thanon the other. It fometimes aflumes an oval fhape, and ap- 
pears girt round with a tranfverfal keel. 


286. Vorticella Lunifera, 


Vorticella viridis, poftice lunata, medio margine mucronato. 
Green vorticella, the hinder-part lumated, with a point in the 
middle, projeéting from the edge. | 


The fore-part obtufe, the bafe broad, and hollowed away like 
a crefcent, with a protuberance in the middle of the concave 
part, fhorter than the horns or points of the crefcent; the fore- 
partis ciliated. It is found jn falt water. 


/ 


4E 287. Vor- 
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287. Vorticella Burfata. Fig. 99, Plate XXVI. 


Vorticella viridis, apertura truncata, papillaque centrali. 
Green vorticella, the aperture truncated, with a central papillary 


projection. 


Ventricofe, crammed with molecules, the fore-part truncated, © 
and both fides of it, c c, pellucid ; in the center of the aperture 
there is a prominent papilla or nipple b, which, when the ani- 
matculum is at reft, appears notched; the edge aa of the aper- 
ture is furrounded with cilia; thele are fometimes all ereéted, 
fhining, and in motion, or part bent back and quiefcent, and 
part in motion ; fometimes a few of them are collected together, 
and turned back like little hooks, one on each fide. Found in 
falt water. athe cilia, b the projetting papilla, ¢ the pellucid: 
fpace at the fore-part. ; : 


288: Vorticella Varia.. 


Vorticella cylindrica, truncata, opaca, nigrieans, Cylindrical, 
truncated, opake, blackifh-coloured vorticella, the fore-part 
ciliated, At : 


289. Vorticella Sputarium. 
Vorticella ventrofa, apertura orbiculari, cilits longis raris ex- 


centricis. Ventrofe vorticella, with an orbicular aperture, and 
long hairs radiating as from a center. 


This 
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This is a fingular animalculum, even among thofe where all 
are fingular ; viewed fideways it is fometimes cylindrical, though 
fomewhat tapering towards the hinder-part, with a broad pellu- 
cid edge ; viewed from the top it has-fometimes a broad face, or 
difc, furnifhed with radiating hairs, the under part contracted in- 
toa globular f{hape, of a dark-green colour, and filled with {mall 
grains. It was found in Oftober with the lefler lemna. 


290. Vorticella Polymorpha. Fig. 93, 34, 35; Plate XXVI, 


Vorticella multiformis, viridis, opaca. Many-fhaped vorti- 
cella, green, opake. 


To the naked eye it appears as a molt agile green point ; when 
viewed by the microfcope, it puts on every moment fo many and 
fuch various forms, that they can neither be exhibited to the eye 
_ by drawings, nor defcribed by words ; it 1s truly one of the won- 
ders of nature, aftonifhing the mind, fatiguing the eye, and con- 
tinually exciting the fpeétator to afk, 

“ Quo teneam vultus mutantem protea nodo?” 


Fig. 33, 34, 35, reprefent it in three different forms; a the 
fore-part, g the hind-part, c the fore-part fimple, d the fore-part 
turned in or doubled, the body is granulous, a feries of pellucid 
points is fometimes to be obferved, 


4 E z 201. Vor- 
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291. Vorticella Multiformis. 


Vorticella viridis, opaca, varia, veficulis {parfis. Green, opake, 
variable vorticella, with veficles {cattered about the body. 


This is fo. like the preceding one, that it needs no further 
defcription. Is found im falt water, and the velicles are larger. 


292. Vorticella Nigra. Fig. 96 and 37, Plate XXVI. 
Vorticella trochiformis nigra. Top-fhaped black vorticella,. 


To the naked eye they prefent themfelves as {mall black points. 
fwimming on the water; through the mierofcope it appears as a 
little conical corputcle, opake, obtufe, and ventricofe at one ex-. 
tremity, the other acute; when it extends the extremities, two- 
little white hooks come into fight, by their affiftance it moves In. 
the water, and it is probable, from fome circumftances, that they, 
inclofe a rotatory organ. Itis in continual: motion, vacillating on. 
the top of the water. Is.found in Augultl, in meadows that are: 
covered with water. a the rotatory organ, b the two {mall hooks,, 
e¢ the acute end.. 


293.. Vorticelia Cucuilus, 
Vorticella elongata, teres, apertura oblique truneata. This. 
vorticella is long, round, the aperture or mouth obliquely trun-. 


cated, 


5 This. 
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This vorticella may be ranked among the larger ones, as it is 
vifible to the naked eye. ‘The body is fomewhat conical, of a. 
dirty red colour; it’s fhape has been compared to that of a. 
grenadier’s cap. , 


“ 


294. Vorticella Utriculata... 


Vorticella viridis, ventricofa, produétilis, antice truncata. 
Green vorticella, ventricofe, the belly. capable of being lengthen- 
ed or fhortened, the fore-part truncated, much in the fhape of: 
a common water-bottle,. the neck fometimes very long, at 
others with fearce any at all, and.is filled with green molecules. . 


295-. Vorticella Ocreata. 
Vorticella fubcubica, infra in angulum obtufum. produéta. 
This vorticella 1s fomewhat of a. cubical figure, the under: part: 
bent in an obtufe angle. 


Itisa-very fingular animalculum, being in fhape like the lower. 
part of a boot; the apex of the upper part, or leg, 1s. truncated’ 
and ciliated, the heel pointed, the foot round. It is an inhabi-- 
tant of rivers,, though very rarely to be met with. 


| 296. Vorticella Valga.. 


Vorticella cubica, infra divaricata. Cubical vorticella, the~ 
tower part divaricated.,. 


Thies 
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This is filled with grey molecules, and is as broad as it is Jon 
the apex truncated and ciliated, both angles of the bafe projecting 
outwards, one fomewhat like a wart, the other like a finger. 
hound in marfhy waters. 


297. Vorticella Papillaris, 


Vorticella ventricofa, antice truncata, papilla caudali & late-. 
rali hyalina. Ventricofe vorticella, the fore-part truncated, .a 
papillary tail, and a fplendid papillary excrefcence on the fide. 
Is an inhabitant of marfhes, where the conferva nitida is met 
with. | 


298. Vorticella Sacculus. 


Vorticella cylindracea, apertura repanda, margine reflexo., 
Cylindrical vorticella, the aperture broad and flat, the edge turned 
down. 


A thick animaleulum, every-where of an equal diameter, and 
filled with molecules; the edge of the mouth bent back, the 
hinder-part obtufe, fometimes notched and contraéted, cilia to 
be feen on both fides the mouth, 


299. Vorticella Cirrata. 
‘Vorticella ventrofa, apertura finuata, cirro utringue ventrali. 
“Ventrofe vorticella, the aperture finuated, two tufts of hair on 


veach fide of the belly. It is an inhabitant of the water in-ditches. 


300. Vor- 
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300. Vorticella Nafuta. Fig. 38, 39, Plate XXVI. 
Vorticella cylindracea, crateris medio mucrone prominente. 
Cylindrical, with a prominent point in the middle of the cup. 


An animalculum that is invifibleto the nakedeye; but when 
it is armed with microfcopic lenfes, it appears. curioufly furnifhed 
with a rotatory organ, which encompafles the middle of the 


_ body. 


It is pellucid, cylindrical, of an unequal fize, the fore-part (a) 
truncated and ciliated, and a triangular prominency (e) in the 
middle of the aperture ; the hind-part obtufe, a» point on each 
fide of the middle of the body. This is the appearance of 


this little creature when in motion ; but when the water 1s nearly 


exhaled, fome further parts of it’s flru€ture are rendered vifible; - 


befides the. rotatory organ in the anterior part, another is now 
difcovered encompafling the middle of the body; the hairs of 
this are in vehement motion. There are other fafcicles of moving 
hairs to be difcovered at the fame time. The variegated 
and quick’ motion of this apparatus. (more. particularly if the 
animalculum is big with young, and. moying at the fame time 
within the mother,) fill the mind with amazement. 


g01. Vor- 
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301. Vorticella Stellina. 

‘Vorticella orbicularis, difco moleculari, ‘peripheria ciliata. 
‘Orbicular vorticella, with a molecular difc, and ciliated peri- 
“phery. 

302. WVorticella Difema. Fig.8, 9, 10, Plate XXVI. A. 

‘Vorticella orbicularis, margine ciliato, fubtus convexo-anfata. 
‘Orbicular vorticella, the edge ciliated, with a kind of convex 
shandle on the under fide. 

303. Vorticella Scyphina. 

Vorticella craterformis, cryftallina, medio fphzrula opaca. 
‘Bowl-fhaped vorticella, cryftallme, an opake {pherule in the 
smiddle. - 


304. Vorticella Albina. 


Vorticella cylindrica, poftice acuminata. Cylindrical vorticel- | 
la, the hinder-part tapering, and almoft brought to a point. 


305. Vorticella Fritillina, 
Vorticella cylindrica vacua, apice truncata, ciliis prelongis. 


Empty cylindrical vorticella, the apex truncated. 


306. Vor- | 
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306. Vorticella Truncatella. 


Vorticella cylindrica, differta, apice truncata, cilus breviufcu- 
lis. Cylindrical vorticella, ftuffed or filled, the apex truncated, 
with very fhort cilia. 


It is of the number of the larger animalcula, the body is cryf- 
talline, and replete with black molecules, it’s {kin is perfeétly 
{mooth and colourlefs, it’s hinder extremity is rounded, the ante- 
rior is truncated; there is a large opening vifible at this extremity, 
which ferves asa mouth; this is thickly ciliated. 


307. Vorticella Limacina. Fig. 60, Plate XXVI. 


Vorticella cylindrica, truncata, ciliis bigeminis, - Cylindrical 
truncated vorticella, with two pair of cilia. 


308. Vorticella Fraxinina. 


Vorticella gregaria, cylindracea, oblique truncata, _ ciliis 
bigeminis, apice margine fifla. Gregarious cylindrical vorticella, 
obliquely truncated, with two pair of cilia, and a fiflure or notch 


at the upper edge. 


_ The greater part of the body is cylindrical, the hinder-part is 
rather tapering, and filled with opake molecules; towards the 
upper end it is tranfparent; within the edge, at top, are two 


{mall tubercles, from each fide of which a pair of {mall hairs 
proceed, 


4 F 309. Vor- 
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309. Vorticella Crategaria. 
See page 437 0f. this work. 
310, Vorticella Hamata. Fig. 40, Plate XXVI. 


Vorticella burlzformis, “margine aperture aculeis. rigidis. 
Purle-formed vorticella, the edge of it's yey or mouth fet 
with rigid points. 


It is not ciliated, nor have any-hairs' as yet been difcovered 
about it; the body is granulated, the fore-part broad and trun-. 
cated, the hinder-part obtufe, and garable of being contraéted or 
extended, a the ri igid points. 


311. Vorticella Crateriformis., Fig. 41, Plate XXVI- 


VorticeHa fubquadrata,: ciliorum: fafciculis etiam poftice. 
This vorticella is rather of a fquare figure, and has fafcicles of 
cilia even at the hinder-part. | : 


Lively, pellucid, round, longer than it is broad, ‘approaching 
fomewhat to a fquare, with convex fides; the head is’fituated at 
the large end, the {kin is fmooth, fome traces of inteflines are 
with difficulty difcovered;: at the larger end there is aconfider- 
able opening, furrounded by hair; the filaments compofing’ this 


; he 


are in-continual motion. ~ 
5 
Two 
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Two of thefe are fometimes feen conjoined together, as at Fig. 
41, and fall of {mall fpherules ; at:'this time they may without 
care be taken for frefh antmalcula ; they draw each other alter-. 
nately different ways - in this ftate the furface is fmooth and 
the hairs invifible. moveable cilia. 


312. Vorticella Canaliculata. 
” - . k ) ‘ ' | / ’ 

Vorticella' dilatata, pellucida, latere incifo. Dilated, pellucid, 
with an incifion on the fide. 

To the naked eye it appears as fo many white points adhering. 
tothe fides of the glafs; when magnified, the anterior part is 
narrower than the hind-one; in the fide a kind of incifion may 
be perceived, and the hind-part is a little notched ‘towards the 
middle; it.is furnifhed with a rotatory organ, by which it excites 
a continual whirling in the water. 


B13. V orticella Verfatilis, 


Vorticella elongata {piculiformis, mox urceolarisi, Long 
{pear-formed vorticella, but which often changes it’s fhape into a 
pitcher-like form. 

A pellucid gelatinous animalculum, of a greenifh colour, fur- 
nifhed, with {mall, radu, particularly about the circumference, 
whence it may be confidered as a minute water hedge-hog. 


Pls Wh illo 314. Vor- 
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314. Vorticella Ampulla. Fig. 4 and5, Plate XXVLA. 


Vorticella folliculo ampulaceo, pellucido, capite bilobo. This 
vorticella is contained in a_pellucid potile Hepes bag, the head 
of it is divided into two lobes. 


Little more need be {aid to enable the reader to know this ani- 
malculum, if he fhould meet with it, than to obferve that the 
bag is much in the fhape of the common water-bottle; that the 
animalculum is fometimes to be obferved at the bottom of it, 
fometimes nearly filling it. 


915. Vorticella Folliculata. 


Vorticella oblonga, folliculo cylindraceo hyalino. Oblong 
vorticella, in a bright cylindrical bag. 


This animalculum ts gelatinous and cylindrical; when at it’s 
greateft extenfion, the bafe ap eets attenuated, and the apex 
wade 


316. Vorticella Larva. 


Vorticella cylindrica, apertura lunata, fpinis caudalibus binis. 
Cylindrical vorticella, the aperture fomewhat in the fhape of a 
crefcent, two fall thorny poits projecting from the hinder-part. 


The head, the trunk, and the tail may be eafily diftinguifhed 
from each other. It is of a clay-colour, the aperture ciliated ; 
a glo- 
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a globular projection may at times be feen to proceed from the 
aperture. 


317. Vorticella Succolata. Fig. 42 and 43, Plate XXVI. 


Vorticella inverfe conica, apertura lunata, trunco poftice bi- 
dentato, cauda elongata biphylla. This vorticella is in figure 
an inverted cone, the aperture of a crefcent fhape, the lower 
part of the trunk is notched, forming, as it were two teeth, the 
tail biphyllous. 


Each of thefe parts is furrounded with a loofe bright fkin, the 
head is divided from the trunk by a deep incifion. aaa finall 
points projecting from the head, b the cilia, c and d the interior. 
parts; 1, Fig. 42, the little horn at the bottom of the trunk. 


318... Vorticella Aurita. 


Vorticella cylindrico-ventrofa, apertura mutica, ciliis utrinque 
rotantibus cauda, articulata biphylla. Cylindrical ventrofe vorti- 
cella, the aperture deftitute of hairs, both fides of it furnifhed 
with rotatory cilia, the tail biphyllous. 


gic. Vorticella Tremula. 


- Vorticella inverfe conica, apertura lobata fpinulofa, cauda 
breviunicufpi. This vorticella is fomewhat of a conical {hape, 
the mouth divided into parts which are fet with {mall {pines | or 
thorns, a point projects from the tail. 


2 ft 
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‘It isa pellucid, cryftalline, ventricole animalculum ; within it, 
~ on one fide of the body, there is a large clay-coloured oval maf, 
adjacent to which there is a pellucid oval {ubftance; the tail is 
articulated and very fhort. 


- 320. Vorticella Senta. 


~ 


Vorticella inverfe conica, apertura fpinofa integra, cauda brevi 


bicufpi. Somewhat of the fhape of a cone, the aperture fet 
with {pines, the tail fhort, and divided into two points. 


It has fome refemblance to the larger: vorticella rotatoria, but 


is eafily diftinguifhed from them by. it’s horned fpiny eee 
and fimple rotatory organ. 


The body is mufcular, pellucid, folding varioufly, the fore- 
part truricated; round the margin of the aperture are rows of 
hairs, but fliffer hairs or {pines are alfo continually vibrating, 
with which it draws in all animate and inanimate fubftances. 


321. Vorticella Lacinulata. ' Fig. 45, Plate XX VI. 
Vorticella inverfe conica, apertura lobata, fetis binis caudali- 
bus. In fhape fomewhat of an inverted cone, the aperture 


lobated, the tail {mall, and furnifhed with two briftles (d). 


The body is mufcular, pellucid, cylindrical, the apex about a 
third part down, drawn into a little neck, the aperture or apeX 18 
dpread on both fides into a kind of flap or lappet, im the middle is 

| a lit- 
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a little lamina, or triangular point ; another of thefe is difcovered 
when the aperture faces the oblerver, which makes it appear hike 
a {mall flower. ‘The hind-part, when in motion, is a little bent ; 
it terminates in two minute briftles, which are feen fometimes uni- 
ted, at other times diverging. When the animalculum is fwim- 

ming, It’s rotatory organ (a) may be feen; molecular inteftines 
are vifible ; it moves with velocity in an oblique direction, Is | 


found im pure water. 
322. Vorticella Conftriata, 


Vorticella elliptico ventricofa, apertura integra, cauda /annu- 
lata biphylla. Elliptical ventricofe vorticella, the aperture. or 
mouth undivided, the tail annulated and forked. 


% 

In this kind, the head, the-tail, and the trunk, are fully dif- 
tinguifhed. .A fub{tance in motion has been perceived, which 
has been fuppefed to be the heart; there are two kinds of them; 
one a pale yellow, the other of a white colour; they move by 
fixing therr tail to the glafs upon the flage, and then extending 
them body as much as poffible;. they fix the fore-part to the 
place where they intend to move, and then draw the hinder-part 
to it, and foon. They fometimes turn round about upon one of 
the points of their tail, others {pring forwards with a jerk,~When 
at re{t, they open their mouths very wide, the lips are ciliated, 
two black globules are difcovered in fome of them. ..° 


t Ms 
323, Vor. 
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323. Vorticella Togata.- 


Vorticella fubquadrata, apertura integra, {pinis candalibus 
binis, plerumque unitis. Square vorticella, the aperture not di- 
_ vided, the tail confifting of two long fpines, which are fometimes 
fo-united as to appear as-one. : 


The body is convex, of a dark colour, filled with molecules, 
the middle part pellucid, the hinder-part rather broader than the 
fore-part, the fore-part ciliated, the tail formed of two very thin 
pellucid f{pines, which are fomewhat curved, and much longer 


than the body. | 


324. Vorticella Longifeta. 


Vorticella elongata, comprefla, fetis caudalibus binis longiffi- 
mis. Long vorticella, flat, the tail formed of two very long 
briftles. ! 


The fore-part finuated, and. fet with minute cilia; the twe 
briftles which conftitute the tail.are long, but one is longer than 
the other. 


325- Vorticella Rotatoria. Fig. 46, 47, 48, 49, Pl. XXVLA. 
Vorticella cylindrica, pedicello collari, cauda longa quadra- 
cufpi. Cylindrical vorticella, with a little foot projecting from 


the neek, a long tail furnifhed with four points. 


Brachi- 
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Brachionus corpore conico fubequali. Hill Hitt, Anim. 
Brachionus corpore conico torulofo. ' Ditto. 
Brachionus. Pallas Zooph. 50. 


Joblot Microf. part 2, p. 77, plate 10, fig. 18; and p. 96, 
plate 5, ABCDEK. 


Adams's Micrographia Iluftrata, p. 148, plate 4o, fig. 255, 

Leeuwenhoeck Contin. Arc. Nat. p. 386, f.1, 2. 

Baker’s Microf. Exp. p. 95, pl.6, £6, 7, 8. 

Baker's Empl. for the Micr. p. 348, 379, pl. 11, £1 to 13; 
and ‘fig. 1, 2, 9, 6, fs fi, 82) Ay 15) 10,175.15, 10,'20, 27, 
22, 23, of plate XXVI.A, belonging to the work. 

Spallanz. Opufc. 2 p. 301, 345, pl. 4, f. 9 to 5. 

Rozier Journal Phyfique, 1775, p. 220. 

No perfon feems to have fucceeded fo well in the defcription of 
the wheel animalculum as Mr. Baker, and all fucceeding writers 
refer us to him for a full account of this little creature. What I 
Shall fay upon this animalculum will therefore be taken chiefly 


from him, though with fuch additions and alterations as appear 
to me necellary to render his account complete, 


4G it 
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It may be proper to obferve, firft, that Mr. Muller’s wheel 
animal differs in fome re{peéts from that of Mr. Baker’s; firlt, by 
the rotatory organs on the back, which flretch out like ears; 
fecondly, the two little {plendid fubftances within the body; 
and thirdly, the two black points near the top of the head, which 
are probably the creature's eyes. 


_ This little animal is found in rain water that has ftood for fome 
days in leaden gutters, or in the hollows of lead on the tops of 
houfes, or inthe {lime and fediment left in rain water; they are 
fometimes to be found alfo m ditches and amongft duck-weed. 


It has been called the wheel animal becaufe it is furnifhed with 
a pair of inftruments, which-in figure and motion refemble 
wheels. It appears only as a living creature when in water, and 
yet it may be kept for many months out of water, and in a ftate _ 
as dry as duft, without lofing the principle of life. When dry, 
it is ofa globular form, about the fize of a grain of fand, and 
without any apparent figns of life. Ifit be put into the water, in 
the fpace of half an hour a languid motion begins, the globule 
turns itfelf about, lengthens itfelf by flow degrees, becomes very 
lively, and in a little time protrudes it’s wheels, and fwims about 
in fearch of food ; or elfe, fixing itfelf by it’s tail, brings the food 
to it by the motion induced on the water by it’s rotatory organs. 


If the water that is found ftanding in gutters of lead, or the 
fediment it has left behind, has any thing of a red colour, you 
may be almoft fure of finding thefe animalcula therein. In fum- 
mer, when all the water is dried away, if the duft appears red, or 
of a dark brown, and is put into water, you will feldom fail to 

difcover, 
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difcover, by means of the microfcope, a great number of minute 
reddifh globules, which are the animalcula themfelves. It is moft 
proper to obferve them firft with the third or fourth magnitiers, 
and then to ufe thofe which are deeper. 


This little creature has fome likenefs to a caterpillar; it’s. mo- 
tion from place to place is performed like many of thole infects, 
by firft fixing the tail to fome fubftance, then extending the whole 
body, and fixing the head, then drawing the tail to it; by thefe 
alternate ations it moves with fome degree of {wiftnels. 


It very often changes it’s appearance, and affumes a different 
form; for the fnout being drawn inwards, the fore-part becomes 
clubbed, and immediately dividing, exhibits to our view two cir- 
cular inftruments, fet with minute hairs, that move very brifkly, 
fometimes in a rotatory manner, fometimes in a kind of trembling, 
or vibratory mode. -An aperture, or mouth, is alfo perceived 
between the two femicircles ; the animal may often be feen {wim 
ming about 1 in purfuit of food while in this flate. 


The moft diftinguifhing parts of this animalculum are the head, 
the thorax, and the abdomen. The form and ftru@ure of the 
head is wonderful, differing from any other creaturé hitherto ~ 
defcribed; the fudden change of the head from one form to ano- 
ther is equally furprizing and fingular ; for from being of a very 
taper form, 1t becomes on a fudden as broad as any part of the 
. infeét, Saal protrudes an nee piece of machinery, formed to — 
procure it’s food. 


4G 2 The 
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The circular bodies which proje€t from them have much the 
refemblance of wheels, and feem to turn round with confiderable 
velocity, by which means a very rapid current of water is brought 
from a great diftance to the mouth of the litle creature; as thele 
wheels are very traniparent, except the edge, which is fet with 
fibrilla, (as cogs to a wheel ) it is difhcult to determine how they 
are ‘igi about, or what is their real figure, whether they are 
flat, concave, or conical; be this as it may, they are protruded 
from a couple of tubular cafes, in which they can be again re- 
trated, at the will and pleafure of the animal. They do not 
always turn the fame way, nor with the fame velocity ; they will 
fometimes move in contrary directions, fometimes both one way. 
The figure varies, from the degree of their protrufion, and from 
other circumftances. They appear fometimes like minute oblong 
fquares, rifing from the periphery of a circle; at other times they 
terminate in {harp points, fometimes they are curved, bending 
the fame way like fo many hooks; now and then the ends appear 
clubbed, or in appearance like a number of little mallets. 


When the fore-part of this creature is firft feen to open or 
divide, the parts, which when fully protruded refemble wheels, 
feem only like a couple of femicircles, the edges whereof are fet 
with little fpicule, having all a nimble and continual vibrating 
motion upwards and downwards, whereby the water becomes 
agitated, each wheel being in this cafe doubled, or like a round 


piece.of paper folded in the middle. 


When the wheels are in motion, the head appears very large 
in proportion to the fize of the animal; and though it is then 
every-where tranfparent, yet a ring or circle, more particularly 

remark- 
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remarkable for it’s brightnefs, may be perceived about the mid- 
dle of the forehead; many veflels may be feen to take their 
origin from this. 


The thorax, or breaft, is joined to the head by a {hort annular 
circle, or neck; the thorax in fize is nearly one-fixth part of the 
whole animalculum. In it we diftin€ly perceive the heart of the 
little creature ; the heart 1s placed almoft in the middle, the diaf- 
tole and {jftole cannot fail to catch the eye of every attentive 
obferver. itis feen very plainly through the back, fhutting and 
opening alternately with great regularity and exaétnefs. It ap- 
pears to'be compoled of two femilunar parts, wich in the time of 
contraGtion approach each other laterally, and form between 
them a figure fomewhat like a horfe-fhoe, whofe upper fide is 
flat, the u.der one convex. In the diaftole thefe two parts 
feparate ; the feparation begins exactly in the middle of the lower 
part next the tail. The alternate motions of the heart are per- 
formed with great flrength and vigour. In each of the femilunar 
parts there is a.cavity, which clofes when they come together, 
and opens when they feparate. 


The motion of the heart is communicated to all the other parts 
of the thorax, and indeed through the whole animal-we may per- 
ceive contractions and dilatations going on, that are apparently 
correfpondent thereto. It is neceflary, however, to remark, 
thatthe motion of the heart 1s fometimes fufpended, or at leaft 
quite imperceptible for two or three minutes, after which it re- 
commences, and goes on with the fame vigour and regularity as 
before. Fromthe under part of the thorax a {mall tranfparent 

is horn 
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horn proceeds, which cannot be feen unlefs the infect turns on it’s 
back or fide. 


Below the thorax there is an annular circle that joins the tho- 
rax tothe abdomen. The abdomen is much the largeft part of 
this animal, it contains the ftomach and’ vifcera. © When this 
creature is full of food, the bowels are opake} and of a crimfon 
colour, extending from the thorax quite through the belly and a 
great part of the tail, and exhibits a fine' view of the periftaltic 
motion, or thofe gradual contraétions and dilatations of the intef- 
tines, which propel their contents downwards. ‘There are many 
ramifications of veflels, both longitudinal and tranfverfe, round 
the bowels. It can extend the abdomen in length very much, ‘or 
contraét and widen it confiderably, fo as to become a cafe for all 
the reft of the body. The tail goes: from a joint at the lower part 
of the belly to the pofterior extremity ; it is of a tapering form, 
and confifts generally of three joints; when it is inclined to fix 
itfelf toany thing by the tail, it thrufts out four, fometimes fix, 
little hooks from the end thereof; thefe are placed in pairs, one 
pair at the very extremity itfelf, the other two a little way up the 
fides; the three are feldom feen at the fame time. The wheels 
feem to be the organ that the animal ufes to affift it im fwim- 
ming. | | 


All the a€tions of this creature feem to imply fagacity and 
quicknefs of fenfation; at the leaft touch or motion-in the water 
they inftantly draw in their wheels. My. Baker conjectures that 
they have eyes lodged near the wheels, ‘becaufe while they are m 
the globular or maggot ftate, their motions are flow and blunder- 


ing ; 


Microscopican Essays, 63% 


ing; but after the wheels are protruded, they are performed with 
creat regularity, fwiftnefs, and fteadinels. 


Fig. 17, Plate XXVI.A, reprefents this little animal in what 
Mr. Baker calls the maggot {late ; while inthis form {mall {piculee 
are feen to dart out near the anterior part; the {nout isfometimes — 
more and fometimes lefs acute than in this delineation. (a) a 
{mall horn near the thorax. 


Fig. 15 reprefents it’s manner of moving from. place to place, 
while in the maggot ftate. 


Fig. 12 exhibits it, with the two femicircular parts, put out, 
and i the pofture it places itfelf in when it is preparing to {wim 
about, or going to put it’s wheels 1n motion, 


_ Fig. 1 fhews the head at it’s full extent, with a couple of fmall 
bodies on the top of it, armed with fmall teeth like thofe of the 
ballance-wheel of a watch. - 


At Fig. 18 the interior parts are more particularly exhibited. 
(a) the circle from which many veflels originate ; (b) the thorax, or 
breaft, joined to the head by the neck (c.) The part which is fup- 
pofed to be the heart is plainly feen at (d.) The abdomen (f) is 
feparated from the breaft by a ring (e). (g) the tail. 


Fig. 19 is the wheel animal, not full extended, but yet work- 
ing it’s wheels about. 7 
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Fig. 36 fhews it with it’s fide rowatds thé eyé; one of the 
wheels in this pofition appears to lie eonliderably below fhe 
other. 


Fig. 6 and 16 réprefent two of ihre creatures in the poftures 
they are often feen in when the wheels are not out, but the fibril- 
le are vibrating quickly. 


Fig. 2, it is feen with the body nearly drawn into the abdomen; 
at Fig. 21 it is ftill further drawn in; at Fig. 22 as it appears juit 
as the tail is drawn in; at Fig. 23 in a globular form, but ftill ad-_ 
hering by the tail. 


Sometimes, when in the maggot form, it rolls it’s head and 
tail together, without drawing them into it’s body; it is repre- 
fented in this flate at Fig. 14. 


Mr. Baker has alfo defcribed three other fpecies, one of which, 
that differs only from the preceding in having a very long tail, is 
reprefented at Fig. 7, Plate XXVL.A. 


Fig. 11 is another kind, with cruftaceous {piculz at the fore- 
part; within this, atc, an opake oval body may be feen, which 
_ has been taken for an egg. 


Fig. 3 is another kind; it has two proje€ting points from the 
tail, and the head furnifhed with a number of fibrille. 
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Fig. 19 reprefents another fpecies, defcribed by Spallanzani. 


Fig. 46, 47, 48, 49, Plate XXVI. reprefent the wheel animals, 
feen and delineated by Mr. Miiller. a the head, b the eyes, c a 
{mall horn, d the rotatory organ, ¢ the tail, f the points of the 
tail, 


926. Vorticella Furcata. . 


Vorticella cylindrica, apertura integra, cauda longiufcula 
- bifida. Cylindrical vorticella, the aperture undivided, the tail 
rather long, and divided into two parts. 


A cylindric body, with a rotatory organ, or row of hairs, at 
the apex; the tail divided into two parts, a little turning in- 
wards. When at reft, it joins the fegments of the tail; but 
when in motion, it feparates them. Generally found in commoa 
water, 


907. Vorticella Catullus. Fig. 50, Plate XXVI. 


Vorticella cylindracea, apertura mutica, cauda per brevi, re- 
flexa, bicufpi. Cylindrical vorticella, the aperture plain, the 
tail fhort, bent back, and divided into two points. . 


At is a little thick ssiteudeen, mufcular, folding itfelf up, of 
an equal breadth throughout, the body disfigured by longitudinal 
folds, winding varioufly; the anterior part, or head, conneéted 
to the body by a little neck, it occafionally manifefts a very mi- 
nute rotatory organ, ‘The tail (ce) is fhort, terminating in two 

4H very 
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very {mall briftles (d), which it moves and hides at pleafure ; the 
inteltines ill-defined. It’s motion is rotatory, but in various 
dire€tions. Js found commonly in marthy waters. 

328. Vorticella Canicula. 

Vorticella cylindracea, apertura mutica, cauda brevi, articulata, 
bicufpi. Cylindrical vorticella, the aperture plain, the tail fhort, 
articulated, and dividing into two pointed parts, 

329. Vorticella Felis. 

Vorticella caudata, cylindracea, mutica, cauda fpinis duabus 
longisterminata. With a tail, cylindrical, beardlefs, the tail ter- 
minating in two long {pines. | 

The body is large, the apex of an equal thicknels, obtufe, 
with rotatory filaments ; the tail acute, with two pellucid fpines, 
about one-third of the body in length, feparating from and then 
epprongane each other alternately. | 

390. cal, Stentorea. 
See page 429 of this work. 


931. Vorticella Socialis. 


See page 432 of this work. 


332, Vor- 
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332. Vorticella Flofculofa. Fig. 51 and 59, Plate XXVI. . 


Vorticella caudata aggregata, oblongo-ovata, difco dilatato 
pellucido. With a tail aggregated, of an oblong oval fhape, . 
with a dilated Be iste difc, } 


To the naked eye it appears as a yellow globule, adhering to 
the ceratophyllon (a) like a little flower (b), or like a heap of yel- 
low eggs. By the microfcope they are difcovered to be a con- 
geries of vorticellas, conftituting a {phere from a mouldy center. 
They either fingly, or many of them together, extend and con- 
traci their little bodies, and by means of the dife excite a vortex 
in the water. 


Sometimes they quit the fociety, and aét fingly; they may 
then be obferved more eafily, and will be found to confift of 
three parts, a head, abdomen, and tail. The head is often fo 
drawn back into the abdomen (d), that no veftige of it remains ; 
but it exhibits a broad difc ftanding out, of’a kidney-fhape. The 
abdomen (d) i ig an oblong, oval, pellucid, replete with obfcure 
inteftines, among{t which are one or two remarkable black oval 
{pots (¢); the tail is fharp, and as long again as the abdomen, 
rough and annulated, or altogether {mooth. , 


333- Vorticella Citrina. Fig.59, Plate XXVI. 


Vorticella fimplex, multiformis, orificio contraétili, pedunculo 
sequali. Simple, many-fhaped, with an orifice that it can con- 
 traGt, and equal-fized foot-ftalk. 


4H 2 | The 
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_ The head is full of molecules, round, and every-where of an 
equal fize; very pellucid, both fides of the orifice are ciliated, 
and each has a rotatory motion, appearing fometimes. without 
the edge of the mouth, as at aa; fometimes. within it. No 
- difting inteftines, or internal motion, perceivable, . It’s motion is 
different from moft of this genus, but not eafily defcribed. cc 
{mall feet, It is found in flagnant water. 


934. Vorticella Piriformis. 


Vorticella fimplex, obovata, pedicello minimo  retraétill. 
Simple, fomewhat oval, with a very {mall retra€iile foot, or one 
which it can draw within itfelf 


395. Vorticella Tuberofa. 
Vorticella fimplex, turbinata, apice bituberculata. © 


Simple vorticella, the upper part broad, the under part {mall, 
with two projecting parts at the anterior end, which are furnifhed 
with a number of vibrating fibrille, that produce a current of 
water by their quick motion, and thus colle& food for our vorti- 
cella. Mr. Baker has delineated it in Fig. 10, 11,12, Plate XIII. 
of his Die se hairy for the Microfcope. 


£ 


é 
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MicroscopicaAL Essays. 637 
536. Vorticella Ringens. 


Vorticella fimplex, obovata, pedunculo minimo, orificio con- 
traétili. Simple, fomewhat of an oval fhape, a {mall pedicle, an 
orifice that it contra€ts or dilates. 


~The {mall head, or rather body, of this little creature 1s pear- 
fhaped, pellucid, the middle of the aperture convex, both fides 
ciliated, the pedicle four times fhorter than the body ; it can con- 
tract the orifice to an obtufe point. 


997. Vorticella Inclinans. 


Vorticella fimplex, deflexa, pedunculo brevi, capitulo retrac- 
til, Simple, bent, with a fhort pedicle, and {mall retrattile 
head, . 


A pellucid pendulous little head, the antérior part truncated, 


and is occafionally, by contraétion, made twice as fhort as the 
pedicle ; it’s fhape is like that of a tobacco-pipe. 


938. Vorticella Vaginata. 
Vorticella fimplex, ereéta, ovato-truncata, pedunculo vagina- 


to. Simple vorticella, ereét, of the fhape of a truncated egg, 
the pedicle contained in a fheath. 


For 
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-For the 990th, g4oth, and. 341ft, the author refers to the 
Zool. Dan. he terms them vorticella cyathina, vorticella putrina, 
vorticella patellina. 


342. Vorticella Globularia, 


Vorticella fimplex, {pherica, pedunculo retortili. Simple, 
{pherical, with a twifted pedicle. 


The little head is fpherical, the aperture of the mouth ciliated, 
the pedicle four times longer than the body, which it contraéts 
in a {piral form. It is frequent among the cyclope quadricorni. 


343- Vorticella Lunaris. Fig. 54, Plate XXVI. 


Vorticella fimplex, hemifpherica, pedunculo retortili, Sim- 
ple, hemifpherical, with a twifted pedicle. | 


The fmall head of this animalculum is crater-form (goblet- 
fhaped), the margin of the orifice protuberant, ciliated on both 
fides, the hairs undulating, the pedicle eight or ten times the 
length of the body. As often as the mouth is opened, the pedi- 
cle extends itfelf; when it is fhut, this is twifted up fpirally, and 
thefe motions are often reiterated in a fhort fpace. a the head 
when expanded, b when fhut, c the undulated edge, d the cilia 
erect, e when horizontal, f the pedicle when ftrait, g when bent. 


«344. Vow 
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344. _ Vorticella Convallaria, 


- ~ 


See page 445 of thefe effays. 
345- Vorticella Nutans. 


Vorticella fimplex, turbinata, pedunculo retortili, Simple, 
with a twilted turbinated pedicle. 


The pedicle is fimple, and twifts itfelf {pirally, is exceeding 
flender, and has a kind of cap on the head; the margin white 
and round, and as it were encompafled with a lucid ring; the 
head diminifhes towards the bafe. It is tranfparent. 


346. Vorticella Nebulifera. Fig. 66, Plate XXVI. 


Vorticella fimplex, ovata, pedunculo reflexili. Simple, egg- 
fhaped, the pedicle bent back. 

The body is narrow at the bafe, open and truncated at top, 
the margin as it were furrounded with a ring; but when the aper-. 
ture is fhut, the animalculum is egg-{haped, the inteftines may be - 
feen diftinGly, the pedicle is fimple, {etaceous, confiderably 
longer than the body, and generally much bent back. a the 
head open, b almoft fhut, c quite hut, d the flalk when ftrait, 
ateitis bent, 


g47. Vor 
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347. Vorticella Annularis. 


- Vorticella fimplex, truncata, pedunculo apite retortili. Sim- 
ple, truncated, with a pedicle twifted at the end. 


This is vifible to the naked eye; the head an inverted cone, 
convex when the mouth is fhut, truncated when it is open, with 
a protuberant edge, the pedicle is fimple, very long, thick, and 
whiter at the top than elfewhere, formed into a little head, the 
apex is twifted {pirally. ‘This animalculum, when contraéted, 
appears to be annulated, 


948. Vorticella Acinofa. 
See page 440 of this work. 
340. Vorticella Fafciculata. 


Vorticella fimplex, viridis, campanulata, mérgine reflexo, pe- 
dunculo retortili. Simple, green, bell-fhaped, the margin or 
edge turned back, the pedicle twifted. 


A congealed green mafs, which is often fwimming about in 
ditches, is compofed of myriads of thefé animalcula, which are 
not vifible to the eye; when magnified, they appear as a bundle 
of green flowers. The head is bell-fhaped, green, opake, narrow . 
at bottom, pellucid. It has a rotatory organ, which may fome- 
times be feen projecting beyond the aperture; the pedicle is 
~ twifted and very flender; a little head at the apex. 

4 | 350. Vor- 
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350. Vorticella Hians. 


Vorticella fimplex, citriformis, pedunculo retortili. ‘This. is 
among the moft minute. The head refembles a citron, the apex 
truncated, the bafe narrow; a gaping cleft 1s difcovered defcend- 
ing from the apex to one-third of the body. 


351. Vorticella Bellis. 


Vorticella fimplex, hemifpherica, margine contra@tili. Sim- — 
ple, hemifpherical, with a margin that it can contract at pleafure. 


Thehead (capitulum) {carcely pellucid, the infide quite filled, 
yellow, refembling much the flower of the daify ; it is ciliated 
round the margin, and are in great abundance, moving in a 
rotatory manner. 


The foot, or pedicle, is long, flender, and pellucid; it is di- 
vided into two parts, with fmall knobs on the top of each; the 
bafe adheres to a bulb, the under part is covered with {mall 
{cales. 


352. Vorticella Gemella. 


Vorticella fimplex, fpherica, capitulo. gemino. Simple, 
{pherical, with a double head. ; 


The pedicle is long, and conftantly furnifhed with two little 
heads at it’s apex ; thefe are bright and clear. 


BA eh 353: Vor- 
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353. Vorticella Pyraria. 

See page 437 of this work, 

354. Vorticella Anaftatica. 

See page 434 of thele effays. 

355. Vorticella Digitalis. 

See page 444 of this work. 

356. Vorticella Polypina. Fig. 61, Plate XXVL. 

Vorticella compofita, ovatograncata, pedunculo reflexili ra- 
mofiffimo. Compound vorticella, oval, truncated, with a bend- 
ing branching ftalk. 

When viewed with a fmall magnifier, they appear like fo 
many little trees; the upper part, or heads, are egg-fhaped, the 
top truncated, the lower part filled with inteftines; the branches 
are thick fet with little knobs. a the trunk, b the branches, ¢ 
the head when extended, f the {mall knobs thereon. 

357. Vorticella Racemofa. 
Vorticella compofita, pedunculo rigido, pedicellis ramofiffimis 


longis, Compound, pedicle rigid, with {mall branched long 
feet. ib 


To 
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To the naked eye it appears like the vorticella focialis, but is 
diftinguifhed trom it by always adherig to the fides of the veffe] 
in which it is placed. On examining it with a magnifier, a long 
very fine pedicle is perceived {ticking to the fides of the veflels, 
from which proceed an innumerable quantity of cryftalline pel- 
lucid pearls, which, together with the ftalk, are varioufly agita- 
ted in the water. They fometimes move feparately, fometimes 
‘together, are fometimes drawn down to the root, and in a-mo- 

ment again expanded. | 


XVIL BRACHIONUS. 


Vermis contractilis, tefta tectus, ciliis rotatoriis. A worm ca- 
pable of contracting, covered with a fhell, and furnifhed with 
rotatory cilia, j 


358. Brachionus Striatus, F ig.64 and 65, Plate KXVI. 


Brachionus univalvis, tefta ovata ftriata, apice fexdentata, 
bafi integra, cauda nulla. Univalved brachionus, the {hell oval 
and ftriated, fix notches or teeth round the upper edge, the bafe 
whole or even, without a tail. | 


The fhell is oblong, pellucid, and capable of alterations in it’s 
figure. The apex (a) truncated, with fix {mall teeth on the edge 
‘of it, twelve longitudinal ftreaks down the back, the bafe obtufe 
and fmooth. The teeth are occafionally either protruded or re- 
tracted ; onthe other fide of the fhell, towards the tail, there are 
two little {pines or horns (c). 


412 The 
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The animalculum is pellucid, cryftallme, and mufcular, often 
of a yellow colour; from the apex it now and then puts forth 
three little bundles of playing hairs, the two lateral ones fhorter 
than the middle one; a forked deglutatory mufele (e).may be 
perceived, and on the under fide, when the apex is drawnin, we 
difcover two rigid points. It is an mhabitant of the fea. 


359. Brachidnus Squamula. 


Brachionus univalvis, tefta orbicularis, apice truncata quadri- 
dentata, bafi integra, cauda nulla. Uniyalved brachionus, with 
an orbicular fhell, the apex truncated, and having four teeth, 
the bafe fmooth, no tail. , 


360. Brachionus Pala. 


Brachionus univalvis, tefta oblonga excavata, apice quadri- 
dendata, bafi integra, cauda nulla. Univalved brachionus, with 
an oblong excavated fhell, four long teeth at the apex, the bafe 
fmooth, no tail. It is ofa yellow colour.. | 


361. Brachionus Bipalium. 
Brachionus univalvis, tefla oblonga inflexa, apice | decemden- 
tata, bafiintegra, cauda {puria. Univalved brachionus, the thell 


oblong and infleéted, ten teeth at the apex, the bale {mooth, a 
{purious tail. . 


962. Bra- 
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962. .Brachionus Patina. 
Brachionus univalvis, tefta orbiculari integra, cauda mutica. 
Univalved brachionus, with an orbicular fhell, the edges regular, 
and having a long beardlels tail. 


This animalculum is large, the fhell cryftalline, nearly circular, 
without any teeth or incifion, though towards the apex it rather 
falls in, fo as to form a {mooth notch. This little creature is re- 
markably bright or fplendid ; it is affixed to the middle of the 
‘fhell ; it projets from the apex a double glittering organ, the 
edges of which are ciliated ; both thefe organs are of a conical 
figure, and ftand as it were upon a pellucid fubftance, which is 
divided into two lobes ; between thefe lobes and the rotatory in- 
ffrument there is a filver-coloured crenulated membrane; two 
fmall claws may be difcovered near the mouth and other organ- 
ized. parts. 


963. Brachionus Clypeatus. 
Brachionus univalvis, tefta oblonga, apice emarginata, bafi 


integra, cauda mutica. Univalved brachionus, the fhell oblong, 
the apex notched, the bafe fmooth, the tail naked. 


364. Brachionus Lamellaris. 


Brachionus univalvis, tefta’ produéta, apice integra, bafi tri- 
corni, cauda bipili. Univalved brachionus, the fhell extending 
| confider- 
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confiderably beyond the body, the bafe divided into three {mall 
horns, at the end of the tail there are two hairs, 


365. Brachionus Patella. 


Brachionus univalvis, tefta ovata, apice bidentata, bafi emar- 
ginata, cauda bifeta. Brachionus with a univalve oval fhell, two 
teeth at the apex, the bafe notched, two br iftles at the tail. 


The fhell plain, oval, orbicular, cryftalline, the anterior part 
terminating in two acute points on both fides, though the head 
of the animal for the moft part fills up the intervening f{pace. 


The head, the tail, and the trunk are very diftin@:; the bottom. 
of the trunk is terminated in a femicircle, the fore-part marked 
_ with two tranfverfal lines ; it occupies the difc of the fhell. The 
inteftines are indiftin@, the tail is affixed to the trunk; it is 
fhort, annulated, flexible, the middle projeGting beyond the 
thell, the apex diverging into two very fine briftles (g); it faftens 
itfelf by thefe, and whirls about with the body ere@; the rota- 
tory cilia (c) are with great difficulty perceived. Found in 
mar{hy water all the Whainkk 


366. Brachionus Bractea. 


Brachionus univalvis, tefta fuborbiculari, apice lunata, bafi 
integra, cauda {pina duplici. Univalved brachionus,. the fhell 
-rather orbicular, the apex lunated, the bale {mooth, the tail fur- 
nifhed with two f{pines, 


5 a? 367. Bi: 
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967. Brachionus Plicatilis. 


Brachionus univalvis, tefta oblonga, apice crenulata, bafi 
emarginata. Univalved brachionus, with an oblong fhell, the 
apex hairy, the bafe notched. 


968. Brachionus Ovalis, 


‘Brachionus bivalvis, tefta deprefla, apice emarginata, bafi in- 
~ eifa, cauda.cirro duplici, Bivalved brachionus, with a flattened 
fhell, the apex notched, a hollow part at the bafe, the tail form- 
ed of two tufts of hair. 


369. Brachionus Tripos. Fig. 59, Plate XXVI. 


Brachionus bivalvis, tefla apice mutica, bafi tricorni, cauda 
duplici. Bivalved, the apex of the fhell beardlefs, three horns at _ 
the bafe, double tail. 


The body is pellucid, nearly triangular, bivalved, open onthe 
back of the animalculum; from the orifice two little Jaminz pro- 
ceed, that are larger than the rotatory cilia; at the bottom are 
- three or four fliff points e fa, and a moveable tail (g¢) between 
them, divided into two filaments, which the little creature opens 
and {huts at pleafure; by thefe it fixes itfelf to objects. a the late- 
ral cilia, b two fmall lamine, c a deglutatory mufcle, e an opake 
mals, : 


370. Bra- 
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370. Brachionus Dentatus. 


Brachionus bivalvis, tefta arcuata, apice’et bafi utrinque den- 
tata, cauda fpina duplici. Bivalved brachionus, with an arched 
fhell, the apex and the bafe are both toothed, the tail. formed of 
two {pines. 


Qiks Brachionus Mucronatus. 


 ‘Brachionus bivalvis, fubquadrata, apice et bafi utrinque mu- 
cronata, cauda {pina duplici. Bivalved, fomewhat of a {quare 
form, the bafe and apex pointed, the tail confifting of two {pines. 


372. Brachionus Uncinatus. Fig. Bes Plate XXVI. 


Brachionus bivalvis, tefta ovali, apice integra, bafi mucronata, 
cauda rugofa bifeta. Bivalved brachionus, with an oval. fhell, 
the apex even, the bafe pointed, two thick briftles for the tail. 


This is one of the fmalleft bivalved animalcula, the apex and 
anterior part round, the hinder-part ftrait, termmating in a point, 
-mufcular, furnifhed with a hook on the fore-part, a {mall rotatory 
organ, a tail compofed of joints, long, and cloven at the end into 
two briftles. It can open it’s {hell both at the fore and hind-part. 
a the fhell when clofe, ¢ the pofterior point, d the animalculum, 
h the tail, i the brifiles. | Tpit 


979. Brae 
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373. Brachionus Cirratus. © 


Brachionus capfularis, tefta apice produéta, bafi curti, bicorni, 
cauda bifeta. ‘Larger than the preceding, ventricofe, fomewhat 
pellucid, the head conical, on both fides of which ‘is a bundle of 
hairs; it has alfo a rotatory organ. 


374. Brachionus Paflus. 


Brachionus capfularis, tefta cylindracea, frontis cirris binis 
pendulis, fetaque caudali unica. Capfular brachionus, ina cylin- 
dric fhell, two long pendulous locks of hair proceed from the 
front, the tail confifts of a fingle briftle. 


375: Brachionus Quadratus. 


Brachionus capfularis, tefla quadrangula, apice bidentata, bafi 
bicorni, cauda nulla. Capfular brachionus, in a quadrangular 
thell, with two {mall teeth at the apex, two horns proceed. from 
the bafe, it has no tail. 


_ 376. Brachionus Impreflus. 

Brachionus capfularis, tefta quadrangula, apice integra, bafi 
obtufi efnarginata, cauda flexuofa. Capfular brachionus, the 
{hell quadrangular, the apex fmooth or undivided, the bafe ob- 
tufe, the margin notched, the tail flexuous or bending. . 


brake et ? 377. Bra- 
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377. Brachionus Urceolaris. — 
ib 66 and 57, Plate XXVI. and Fig. 96,. 37+ 38: Plate XXII. 
For a- full: deferrption of this fee page 448.. | | 
378. Brachionus Baker ae 58, Plate XXVI.. 


Brachionus capfularis, tefta ventricofa, apice quadridentata;. 
bafi: bicorni, cauda longa, bicufpi, Capfular brachionus, the 
fhell ventricofe, four teeth at the apex, two horns at the bafe; 
the tail long, and terminating in two. fhort. points. 


This differs confiderably from the foregoing in the fhape of the: 
fhell, from each fide of which there is‘ a curved projeGion in- 
clining towards the tail, nearly of the fame length with it, and 
terminating-in a poimt. The upper part alfo of the fhell 1s of a 
different form, having m. general. four longer [picule, and two 
fhorter ones. .From the head: two arms, or branches, are fre- 
quently extended ; the circular end of each 1s furnifhed. with a 
border of little hairs, which one while move in a vibratory. man-: 
ner, at another time they have a rotatory motion. The eggs are: 
either afixed to the tail, or the curved part of the fhell; they 
have from one:to five hanging from them. Mr. Muller has fur- 
ther difcovered two {mall feelers, and a kind of tongue to this: 
little creature. a the rotatory organ, b the tongue, c the feelers,. 
da ciliated part on the fide of the fhell. 


379.. Braz. 
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379. Brachionus Patulus. 


- Brachionus capfularis, tefta ventrofa, apice o€todentata, bafi 
lunata quadricorni, cauda brevi bicufpi. Capfular brachionus, 
the fhell ventrofe, eight teeth at the apex, the bafe lunated or 
hollowed into the form of a crefcent, and. furnifhed with four 
horns, the tail fhort, with two {mall points at the end, 
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Co Heads eter she be 


On THE ORGANIZATION OR CONSTRUCTION OF TIMBER, 


AS VIEWED BY THE MICROSCOPE. 


Gh HE fubje@ of the following chapter opens an extenfive 
field of obfervation to the naturalift, in which the labour of 
a life may be well employed: it is a branch where the obferver 
will find the microfcope of continual ufe,«and without which he 
will {carce be able to form any juft idea of the organization of . 
trees and plants, of the variations in the difpofition, the number, » 
nature, and offices of the feveral parts thereof. 


Malphigi, Grew, Duhamel, Hill, Bonnet, and De Sauflure, 
are almoft the only writers who have treated on this fubje€t; and 
if we confider the imperfeGtion of the inflruments ufed by fome 
in thofe anatomical refearches, and the little attention paid by 
the reft to the advantages their favorite purluits might have de- 
rived from the ufe of the microfcope and the difle@ing knife, we — 
have rather more to wonder at what has been done, than at what 
remains to be performed. One reafon that our knowledge of the 
fubjeét of this chapter is fo circumicribed, is the general qatten- 

4 tion 
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tion to the ftru@ure of plants; to this, among other caufes, we 
may allo afcribe the inftability and fluétuation of the different — 


theories on the principles of vegetation, We are, however, fo 
little acquainted with the fteps which Providence takes to lead in- 


telle€tual, but free agents, to the knowledge of truth, and the 


various difficulties, errors, and prejudices that muft be removed 
before it can fhine in it’s native colours, that it is our duty to en- 
courage every humble effort towards the advancement of {cience, 
that thus we may co-operate with our Creator and Redeemer in 
promoting that vaft plan to which all things are now converging, 
the bringing all his creatures to a {tate of truth, goodnefs, and 
confequent happinefs, an end worthy of the belt and wifeft of 
beings.* 


As Dr. Hill is the firft writer who has treated this part of 
natural hiftory in an orderly and fcientific manner, I fhall ufe the 
names he has adopted for characterizing the different parts of 
trees, &c. which are, 1. the rind; 2. the bark; 9g. the blea; 
4. the wood; 5. the corona or circle of propagation; 6. the 
pith. Thefe are placed immediately within or under one ano- 
ther; they are the effential parts upon which the firength of the 
tree depends: in, among, and between thele, the various veflels 
are placed, which nourifh the whole, and maintain and carry on 
the vegetation of the tree, and from which it obtains it’s peculiar 
qualities and virtues. Thefe veffels are of five kinds. 


JUICE 


* See the Bifhop of Exeter’s Sermon before the Society for the Propagation of the 
Gofpel. 


% 
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juice VeEssexs. 


1. The exterior vefiels, placed between the rind and the bark. 
2. The.nterior, in the fubftance of the bark. 
i 3. The intimate, in the fubftance of the blea. 
(4. The fap veffels, in the fubftance of the wood. 
5. The coronal, inthe corona. 


More accurate inftruments, or a more minute inveftigation of 
the parts, may probably difcover new veflels, in a fyftem which 
appears to.be entirely vafcular, and bring us more ghorpushly 
acquainted with the nature of vegetation. 


Or THE Ruinp. 


‘The exterior covering of all trees is a thin, dry, parched fub- 
ftance, which has been compared by many writers to the {kin of 
animals, and called by names analogous thereto; thus it is called 
the epidermis by Duhamel, the {kin by Grew, the rind by Hill. 


When:a tree is full of fap, this membrane may be eafily de- 
tached from the part it covers; it may be feparated from green 
branches which are not in fap, by boiling them in water; large 
pieces of it may alfo be obtained from rotten branches; the rind 
of the leaves of many trees 1s detached with fingular dexterity 
from the other parts, by fome of the mining caterpillars ; artificial 
methods for effecting this purpofe have been defcribed in page 
159 of this work. ‘Though the rind may at firft fight be thought 
to be of little ufe, it will be found to be a principal organ in the 

procels 
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procels of vegetation ; the part which covers the root has the 
mof{t important offices afligned to-it. 


Many are of opinion that the rind is formed of dried veficula ; 
and’ Malphigi fays, that we may fee in the vafcular texture of the 
bark of the cherry and:plumb trees an arrangement of the parts 
proper to form the rind, and this arrangement is occafioned by 
the endeavour of the vafcular part to extend itlelf to the circum- 
ference, and'the refiftance it meets with from the rind; and that 
hence the veffels are flattened, and aflume-a membranaccous. 
form. - 


The rind is a general covering to the. young trunks of trees, to 
the branches, the roots, the leaves, the fruit, the flowers, &c. 
Upon the trunks of large trees fome pieces only of the rind are to 
be found, having probably been broke by the increafed fize of 
the tree. The rind of fome fpecies of trees will bear being 
ffretched much further than thofe of others, and remain for a 
confiderable time uniformly fpread over the bark. Duhamel 
afferts, that the rind of vigorous. healthy trees remains Jonger 
whole than on thofe that are more languid, notwithftanding that. 
the growth of the laft is flower, and therefore makes lefs efforts 
againft the. rind, This circumftance is much-in favour of the 
diftinét organization of the rind, and againft the opinion of thofe 


who only fuppofe it to confift of dried bladders. 


Thin as the rind is, it is formed of many, coats, adhering clofely 
to each other, which in fome fpecies may be feparated with eafe,. 
in others with difficulty. Duhamel fays, that he has divided the 


rind} 
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rind of the birch into fix diftin& coats, and that he had no disubt 
but what the divifion might have been carried much further. 
Dr. Hull fays, that unlefs sate of thefe coats are obtained ina 
{tate of feparation from the reft, the true conftruCtion of the rind 
cannot be difcovered, for the connection and form of the parts is 
loft by the confufion in which they. appear while they lie one 
upon another. 


The following experiments may throw a little light upon this 
ob{cure fubjeft.* All the rind was taken from the trunk of a 
cherry tree, and the tree thus fkinned, expofed to the air, a part 
of the bark which was next to the rind dried up and exfoliated ; 
the part next to this did the fame; after two or three exfoliations, 
a farinaceous fubftance covered the fuperficies of the trunk, foon 
after which a new rind appeared. Some pieces of rind were 
taken from a few young branches, and the wounds were covered 
with a cloth that had been foaked in wax and turpentine; on thefe 
the rind appeared in a very little time, without any apparent ex- 
foliation. From fome other branches, not only the rind, but a 
part of the bark, was allo taken away, and the wounds covered as 
before; a flight exfoliation was obferved here, which was foon 
followed with a newrind. The bark was taken entirely off from 
a vigorous cherry-tree, while it was in full fap, fo that, the wood 
appeared the whole extent of the trunk. This. was proteéted 
from the rays of the fun, and from the air. A new bark and 
rind formed themfelves upon the trunk, but they did not originate 
_ fromthe bark that was left on the branches and the root, but 


extended from different: {pots, which were firft formed at con- 
fiderable 


* Duhamel Phyfique des Arbres, tom. I, p. 12. 
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fiderable diftances from each other. After a lapfe of fifteen 

years, this new rind did not appear like the natural rind of the 

cherry-tree. From thefe experiments we learn, that the rind re- 

generates more readily in fome cafes than in others, and that it 

preferves and prevents in a degree the bark from becoming dry. 
too foon, and in confequence thereof exfoliating. 


Aided by the microfcope, a number of luminous points may 
be difcovered in the rind;* thefe are {o many minute holes for 
other purpofes of tranfpiration. In the cane thefe holes are vifible 
tothe naked eye. A few oval holes may alfo be perceived in it; 
thefe are, however, no more than a feparation of the parts, oc- 
cafioned by the extenfion of the vala interiora. 


Dr. Grew fuppofed the rind to be formed of {mall veficles, or 
bladders, cluftered together, and intermixed with lignous fibres 
or veflels, which run through the length of the rind; thefe are 
conjoined by other tranfverle ones, but that as the rind dries, the 
bladders or blebs fhrink up and difappear. This account does: 
not differ much from that of Dr. Hill, who fays, that the rind is. | 
formed of a feries of longitudinal velflels, and a filmy fubftance 
between them, which, when viewed in a tranf{verfe fe€tion, form 
{mall circles, the fides of which are fupported and made up of 
thefe longitudinal fibres; that the tran{verfe veflels are only a de- 
ception, occafioned by the fpaces between part and part of the 
film. ‘The mode of obtaining an accurate view of the organiza- 
tion of this part, by conveying coloured liquors into the feveral 
veflels thereof, has been already defcribed in page 162 of thefe 

4 ty, effays ; 


* Duhamel Phyfigue des Arbres, vol. £, p. 9. 
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effays; by this means, together with the microfcope, we find that 
the veflels are every-where pierced with fmall dots, or openings ; 
of the ufe of thefe the following conjeétures have been formed.* 


The root, which 1s equal in furface to a third part of the tree 
above ground, is covered with a pierced rind. The cold of 
winter contra€ts the whole of this, the parts are drawn clofer to- 
gether, and the mouths of thefe innumerable veflels are fhut, or 
nearly fo, by this contrattion; a very little of the half congealed 
moifture of the ground gets into them, but this fuffices for the 
fervice of the tree, when there is little heat to caufe any perfpira- 
tion, and atatime when in the deciduous trees, the very organs 
of the greatelt perfpiration, the leaves, do not exitt. 


The warmth of fpring arrives, the fluids of the earth grow 
thinner, every part of the root expands; this opens the mouths of 
the veflels, and the torrent of nutrition rufhes in. By this means, 
every coat of the rind, and the interftitial {paces thereof, are ren- 
dered fupple, and may be eafily feparated from the under 
coverings. 


In roots the colour of the rind varies very much, being white 
in fome, brown in others, &e. Every root, according to Grew, 
after it has arrived at a certain age, has a double fkin, the one 
coeval with the other parts, and exifls in the feed: a ring is after- 
wards fent off from the bark, which forms the fecond {kin ; thus 
in the root of dandelion, towards the end of May, the origimal or 
outer fkin appears fhrivelled, and is eafily feparated from the new 

one, . 


* Taill’s Confttution of Timber, &c. p. 37- 
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one, which is frefher, ‘and adheres more firmly to the bark. 
Perennial plants are fupplied in this manner with a new fkin every 
year ; the outer one always falls off in the autumn and winter, 
and anew one is formed from the bark m the fucceeding {pring. 


Or tHe VESSELS WHICH ARE CONTAINED BETWEEN THE 
Rinp AND. THE BARK. 


Thefe are called’ by Duhamel the cellular coat, (enveloppe 
cellulaire) by Hull the exterior veffels, and the vafa propria 
exteriora. 


It has been already obferved, that in trees the juice veflels, or 
vafa propria, do not form thofe conftituent parts of the wood of 
which the timber confilts, but that it is from the nature of thefe 
recipient veflels that it derives it’s virtues, qualities, and fpecific 
properties.* A tree may grow, live, and give fhade without 
them; but on thofe it’s peculiar charaéter and decided virtues 
depend; thefe are greateft where the vafa propria are largeft or 
moft numerous, and where we do not find thefe, we fcarce find 
any thing that will affect the tafte or the fmell. There are different 
ranges of thefe veffels between the feveral parts, each of which 
has it’s allotted place, it’s peculiar form, it’s different {truéture, 
and it’s feparate ufe. Many trees have them in all their parts, 
others only in fome of them, while others do not exhibit any. 


On taking off the rind, we find a fubftlance of a deep green 
eolour, fucculent and herbaceous, formed of a prodigious nunaiber 


4lL2- of 


* Hil’s Conftrucion of Timber, p. 73. 
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of filaments, mterwoven together in various directions; it. is 
more abundant in fome trees than in others, particularly in.the 
elder, and more fucculent in fummer than in winter; it is then 
alfo lefs adherent to the rind. Dr. Hill thinks the beft time of 
feparating the rind, in order to view this part, is in a living 
branch, at the time of it’s {welling for the fpring, or for the mid- 
fummer fhoot, but much eafier by the means of maceration.* 


When the rind is perfeétly feparated, it leaves the vafa propria 
of this clafs behind it; they {carce adhere to theinner bark, and. 
but little to the rind; they are difpofed in packets, and do not. 
run {trait down the branch, but interweaving with eachother. form 
a kind of net. Thefe packets may. be feparated eafily from the 
bark ; when a thin tranfverfe fe€tion of one of them is examined,. 
it is found to be compofed of twelve or fifteen diftin@ veffels,. 
with hard rinds. Dr. Hill fays, that with a great deal of patience,. 
a vaft number of objects, anda good microfcope, .we may fee by 
what means thefe veffels adhere to the bark; for we. fhall find. 
upon the fides {mall oval depreflions:‘which fit thereto, and that. 
are probably a kind of glands, that feparate from the general. 
ftore of fap with which the bark is filled; the juices peculiar to. 
thefe veffels. | 


Or THE Bark. 
The bark lies next within the rind, and differs but little from it 
in conftru€tion, though it holds a more important office in the 
{cale of vegetation, the growth and qualities of the tree being in 


a great 


* Hill’s Conftru€tion of ‘Timber, p. 75. 
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# great meafure conneéted with it. It is, therefore, found to 
differ confiderab! ly in fubftance, quantity, and quality, in various » 
kinds. 


It'is originally the outer membrane,’ covering the lobes of the © 
feed. Even there, as in the branch of a tree, it appears in form 
of a kind of f{punge, or like a cruft of bread, compofed of flatted 
bladders. ... 


It’s {punge-like nature may be further inferred from the con-’ - 
traGtion of it’s pores when-dry, and the eafe with which they 
dilate when in water. Grew has called it a moft curious and ex- 
quifitely fine-wrought fpunge. In the courfe of it’s. growth, the 
outer ranges of thefe: bladders drying, it becomes what we call 
the rind; for the rind was once bark, and has -only fuffered a - 
flight change in feparating from it.. 


By the bark the tree is fed with a continual fupply of moifture, 
proteéted from external injuries,.and defended trom the excefles: » 
of heat and cold ;' for. thefe purpofes it is varioufly difpofed in 
different trees. . In the hardy and flow growing, as the oak, it is 
thin; in the quick ‘growing, as willow, poplar, and the like, it ° 
is thick. And what is more particularly to beattended to is, that ~ 
in fome it’s inner.verge is radiated, : There are fome trees, and a 
great many herbaceous plants, in: which: this -part. is continued: | 
inward, in form-of rays, through the blea into the wood, ‘form- 
ing as it were fo many wedges, that fplit as it were the fubflance © 
of both thofe parts,* a circumftance which accounts for the vege- 
tation of fome particular trees, which are known to live ‘when de- ° 

prived 
* Hill’s Conftruion of Timber, p. 118. Ibid, p. 120. 
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prived of the bark; becaufe they have rays of the fame fubftance 
within, which anfwer the purpofe, and this in a degree an{wering 
to the nature of their life. 


The bark appears to be formed, firft, of longitudinal fibres, 
which Duhamel confiders as fo many lymphatic veflels; fecond- 
ly, by a kind of a filmy cellular tiffue, which have been confider- 
ed asa kind of bladders by fome, or as parenchymous by others; 
thirdly, of the vala propria interiora, or interior juice veffels. 


The longitudinal fibres are difpofed in ftrata, which lhe one 
over the other. In that ftratum which is next the rind, or rather 
the cellular coat, we perceive a net of longitudinal fibres, the 
mefhes of which are large and eafily diftinguifhed, particularly 
when the cellular tiffue'that fills up the imterflices is removed. To 
do this, the branches fhould be macerated for a confiderable 
time; fome require to be kept in this ftate for years. It will 
then be eafy to feparate firltthe rd, then the cellular coating, 
and afterwards this pulpy matter. It may fometimesbe eafily re- 
moved after the branches have been boiled. 


The moft exterior ftratum, when examined by the naked eye, 
feems to be formed of. fimple fibres, which graft, folder, or 
anaftomofe one with the other ; but when examined by a micro- 
{cope, each of thefe fibres will be found to be a bundle of 
filaments, which may be eafily feparated from each other. 


- Grew fays, that each filament, like the nerves in animals. 

confifis of twenty or thirty fmall contiguous tubes, which rum 
uniformly from the extremity of the root, without fending off any 
| branches, 
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branches, or fuffering any change in their fize and fhape. Hence’ 
the bark may be tore or divided lengthways, with greater eafe 
than in an horizontal dire€tion ; when macerated, they are capa~ 
ble of a very great degree of fubdivifion. 


_ The filaments of a cortical veffel are to be looked on (agreea- 
ble to what we have already obferved) as fo many little bundles. 
placed near together, and at firft growing parallel to each other ;: 
but foon quitting this direGtion, the filaments of one fafcicle part- 
ing from that to which they originally belonged, and inclining: 
more or lefs obliquely towards:another, fometimes uniting with 
it, at others bending backwards, and uniting again with that from: 
whizh it proceeded, or with fome one that it meets with. In this. 
manner new fafcicles are often formed, while other parcels are_ 
increafed or diminifhed by the additions of new filaments; by. 
this means, a kind of irregular net is formed, and the fibres pro-- 
ceed in a ferpentine line from the top to the bottom of the. tree. . 


The thicknefs of the bark is: entirely formed of ftrata:of thefe. 
Jongitudinal fibres, which lie one over the other; each of thefe- 
firata is fimilar to the exterior one, only the mefhes are {maller, . 
and the fibres finer, m proportion as. they are more interior, in- 
femuch that at laft the mefhes are almoft annihilated,. and the 
fibres feem to lie quite. parallel to each other: 


- There arefome trees, however, where the:mefhes are not vifible; 
and .in which the fibres lie quite in a. {lrait direGtion. There aré - 
many other circumftances in which they vary in different trees; - 
«a fome the mefhes of each dtratum correfpond with each other, . 


5 | diminih-- 
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-diminifhing gradually in fize as they are more interior, and form- 
ing as it were fo many. conical cells. . 


‘We may, I think, conclude from what has been faid, that the 
‘ bark is compofed of feveral thin membranes, which extend over 
the whole exterior furface of the tree. ‘The moft exterior mem- 
‘brane is the rind; under this is what Duhamel calls the cellular 
coat; next to this the cortical {tratum.er true bark of the tree,. 
which is formed of lymphatic veffels ranged more cor lefs in a 
reticular form, and of the vafa propria interiora, The mefhes 
are fo conftituted as to form large cavities next the rind, and 
{mall ones near the wood. ‘Thefe cavities are filled with a 
parenchymous fubftance or the cellular tiflue, which being con- 
tinued from the wood to the rind, joins and unites the cortical 
{ftratum, and afterwards {preading on the outfide thereof, forms 
-what has been termed the cellular coat. . 


Or trHe CeLLtyLtaAr Tissuz. 


We now proceed to give fome account of the fubftance which 
fills up the vacant {paces that are left between the longitudinal 
fibres. It is called by Grew the parenchyma or pulp, by Mal- 
phigi, the veficular tiflue or web; both of them confider it as 
formed of {mall bladders or reticules, that are in contaét with 
each other, lying in an horizontal pofition, or at right angles to 
the longitudinal fibres: they do not fuppofethem to be all of the 
fame fize, or even of the fame figure: Grew compares it to the 
froth of beer or eggs. The flefh of fruits confifts for the moft 
part of this fubfiance, very much filled with juice, though «with 
«onfiderable difierence in it’s organization. Be this as it may, 


ithe 
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“the nature of this fubftance, it’s form and flru€ture, are at prefent 
but very little known. It is floccofe, and varies in colour in 
different {pecies. 


Or tue Vasa Propria INTERIORA. 


Befides the lymphatic veflels and the cellular fubftance, we 
find the juice veflels, or vafa propria, in the bark. In thofe trees 
which are famous for medicinal virtues, they are ufually very 
large ; they carry the milky juices of the fumach, and in them is 
lodged the fineft and higheft-flavoured turpentine in all the kinds 
of pine. Dr. Hill thinks that a tree of that genus exhibits them 
beft, and the more, as the turpentine which fills them. may be 
perfectly diflolved in {pirit of wine. The pinus orientalis is the 
f{pecies in which thefe veflels are moft diftinGtly feen. ! 


Or tHe Brea. 


This is that part of the tree which is forming into wood, and 
therefore lies between it and the bark, and may be feparated from 
them by maceration. 


A longitudinal piece of the blea, when examined by the 
mucrof{cope, exhibits a number of veflels running parallel to each 

other, the interftitial [paces being filled with a floccofe, white, 
formlefs fubftance, of which Dr. Hill fufpeéts even the vellels 
themfelves to be formed Innumerable {mall openings, or 
mouths, may be difcovered in thefe vellels, fuited to imbibe the 
moifture which is-fo eflential to the life and health of plants. 
‘Thefe mouths cannot be well difcerned, except when they are 
| | 4M opened 
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' opened by the feafon of the year, either before the firft leaves of 
fring, or in the midfummer fhooting time ; though a {mall quan- 
tity of moifture will keep them open at that time, yet no quar 
tity would be fufficient at an improper feafon.* 


The blea is a zone more or lefs perfe€t, which lies under the 
bark, and covers or furrounds the wood, and is principally diftin- 
guifhed from it by being lefs denfe. In fome [pecies the difference’ 
between the blea and the wood is very remarkable, in others itis. 


lefs fo. 


The ancient botanifts, ftruck with the difference they obferyed:: 
between the wood and the blea, compared this fubftance to the- 
fat in animals. Malphigi, Grew, and Duhamel. confider it as- 
the wood not yet arrived to a ftate of perfection. It is-organized’. 
in a manner fimilar to the wood, and pofleffing the fame veflels, . 
difpofed nearly in the fame manner. The juice veflels of this- 
_ part may be feparated from it by maceration; Dr. Hill fays, that 
in this ftate they appear perfect cylinders, with thick white coats, 
the furface perfetly uniform.. 


Or THE Woop: 


When the bark and the blea is taken away, we come to the 
wood, which is a folid fubftance, on which the ftrength of the 
tree dépends, and which has been 'confidered: by naturalifts as. 
being to the tree what bones are to the animal. The wood, ina 
general view, may be confidered as formed of ftrata, which are 
inclofed one within the other; thefe flrata confift of lignous 

fibres 
* Hill’s ConftruGion of Timber. 
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fibres or lymphatic veflels, the cellular web or tiffue, vafa pro- 
pria, and what have been called the air veflels, It is more difficult 
to inveftigate the confiru€tion of the wood than that of the other 
parts, becaufe the texture is in general much harder, and there- 
fore not fo eafily feparated, requiring very long macerations, and 
many fubjeéts, before one may be found fit for-examination, 


If we examine a tranfverfe {eGtion of almoft any kind of wood, 
we fhall perceive thefe {trata very clearly and fenfibly diftinguith- 
ed from one another. It has been generally fuppofed, that each 
of thefe is the produ& of one year’s growth; though if we cut the 
fame wood obliquely, we fhall perceive that each of thefe ftrata 
is compounded of fmaller ones, which are, therefore, not fo eafy 
to difcover as the larger. By macerating rotten pieces of trees, 
the-wood may be divided into an immenfe number of leaves, or 
firata, thinner than the fineft paper. 


If the foregoing ftrata are examined in their detached ftate by 
the microfcope, we fhall find them to be compoled of longitu- 
dinal fibres; fome pieces of rotten wood, after maceration, will 
divide of themfelves into very fine longitudinal fibres; the exift- 
ence of thefe is further proved by the facility with sick wood 
may be fplit in the dire&tion of thefe fibres. From hence we 
may collect, that the lienous ftrata are formed of {mall fibres or 
velfels, colle&ted together in fafcicles, like the bark: in fome 
trees they are parallel to each other, in others they are difpofed 
more obliquely, crofling and forming an irregular kind of net- 

work. ‘There is great probability Lek this reticular difpofition 
exits in all trees, though it may be difficult to difcover itin man y 

4Me on 
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on account of the finenefs of the mefhes, the hardnefs of the 
wood, and the famenefs of colour in the conflituent fibres. — 


We are here only fpeaking of the lymphatic veffels or lignous 
fibres of the wood, which exift im it as well as in the bark, 
though in different ftates ; for the lignous fibres are always harder 
and lefs flexible than the cortical ones. Malphigi thinks they 
differ in another particular, namely, that a juice or fluid iffues. 
from the cortical, while none is found in thofe of the wood. In 
this ‘it would appear from the obfervations of Duhamel, that he 
was miftaken.. | | | 


A tranfverfe fection of wood. generally appears formed of a 
number of rays proceeding from the corona to the bark, which 
are interfeGted at different diftances by concentric circles, inter- 
fperfed with veflels of varying, magnitude: the variations in this 
{tru€lure afford much pleafure to the curious obferver, and throw 
confiderable light upon the nature and properties of timber ; for 
it is by means of a variety of flrainers that different Juices are pre- 
pared from the fame mafs, Matter, confideredas matter, has ne 
{hare in the qualities of bodies. It is from. the arrangement of 
it, or the recipient forms given to it, that we have fo many differ- 
ent fubftances. According to the modifications that thele receive, 
we fhall find the fame light, air, water, and. earth, manifefting 
themfelves in one by a deadly poifon, and’in another by the molt 
falubrious food, A lemon ingrafted upon an orange ftock, is capa- 
ble of changing the fap of the orange into it’s own- nature, by a 
different arrangement of the nutritive juices. One mals of earth 
will give life and vigour to. the bitter aloe, to the {weet cané, the 

cool 
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cool houfe-leek, and the fiery muftard, the nourifhing grain; and 
the deadly night-fhade. 


The wood may be confidered as compofed of two parts, lig- 
nous and parenchymous. We have already treated of the 
former; the latter is that which is difpofed into rays running as 
it were between the lignous fibres, and interweaving with them; 
it originates either with the pith or corona. There is a very 
great diverfity in thefe radial infertions, in fome trees there are 
very few, while they abound in others; in fome they are very 
fine, in others very thick. In texture they feem fimilar to 
the blebs of the bark, only that here they. are fo crouded and 
firetched out as to appear like parallel threads, fomething fimilar 
to a net when drawn tight. 


Or roe Corona. 


Dr. Hill gives this name to that circle which furrounds the’ 
pith, and feparates it from the wood; although in his opinion it 
differs greatly from both, and in it’s compofition has no refem- 
blance to either. It is, according to him, the moft important 
part in the whole vegetable fabric, by which the propagation. and 
increafe of the branches, buds, and fhoots, is carried on. * 


It has been ufual to fuppofe the pith of vegetables to be the 
part in which thefe wonderful fources of increafe refides, but this 
is not the cafe; and he afferts, that fo far from being prior to the 
other parts, it is in reality poflerior to fome of them. 

Pas ‘Pie 


* Hill on the ConftruGtion of Timber, Be S505 
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The corona is not fo uniform as the other parts, nor is it 
conftituted exa€tly fimilar in alltrees. It is placed between the 
pith and wood in all vegetgbles, forming a ring, whofe outline is 
more or lefs regulated, The general wae 1s aallalan, compofed 
of blebs and veffels, like the bark and the rind, and is perfecily 
-fimilar to them, only that at different diftances oblong clufters 
of different veflels are placed amongtt it. Thefe clufters are 
-ufually eight or ten m number, and give origin to the angles of 
the corona. They are not uniform, or of one kind of veilels, as 
in the bark, but each has two diftinét forts; the exterior one 
anfwering to the blea, and the interior to the wood of trees ; 
and within each of thefe are difpofed veflels not unlike thofe 
in the blea and wood, though often larger than they are fownd 
‘in thofe parts. 


Thus each clufter is compofed of all the eflential parts of the 
fucceeding branch, and the intermediate parts of the circle are 
abfolutely bark and rind; they are ready to follow and clothe 
the clufter when it goes off in the form of a fhoot, becaule it will, 
then need their covering and defence, though, in it’s prefent in- 
clofed ftate, it doesnot. Itis from this con{truétion that a tree Is 
ready at all times, and m all parts, to fhoot out branches, and 
every branch in the fame manner to fend out others; for the 
whole trunk, and the branch in all it’s length, have this courfe of 
effential veflels ready to be protruded out, and the proper and 
natural integuments as ready to cover them. In fome trees thefe 
parts are more evident, in others more ob{curely arranged. Dr. 
Hill fays, the bocconia, or parrot-wood of the Welt- Indice and 


the greater celandine, are proper fubjetts ar opening this great 
nae 
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myftery of nature. On the corona and it’s clufters depend that 
property of vegetables, that they can be produced entire from 
every piece. Thefe clufters follow the courfe of the other por- 
tions of the tree; they y are, therefore, every-where; they are 

always capable of growing, and their growth, even ina cutting 
of the fmalleft twig, cannot produce a leaf or any. other part of a 
vegetable alone, but muft afford the whole, for they are com- 
plete bodies, and ihe whole is there waiting only for the oppor- 
tunities of extenfion. For the knowledge we have of this part 
we are altogether indebted'to Dr. Hill. It remains for future 
obfervers to confirm or difprove his obfervations, 


Or THE Piru. 


‘The pith is found in the center of every young hoot of a tree; 
it is large in fome, lefs im others, but prefent in all. It is placed 
clofe within the corona. : 


It feems to be nothing more than a congeries of the cellular 
tiffue; it is generally found near the center of the tree, inclofed 
as it were withina tube; in general, the cells of the pith are 
Jarger than thofe of the cellular tiffue, with which, according to 
Duhamel, it communicates. For the rays which extend from the 
pith to the bark are, in his opinion, produced from it. Thus, 
though it may differ in name from the parenchymous parts of the 
bark, and the radial infertions in the wood, yet it is of the fame 
nature and texture, and is continuous with them; fo that, accord- 
ing to this idea, the fkin, the parenchyma, the infertions, and the 

Bo | pith, 
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pith, are all one piece of work, filled up in divers manners with 
the .veffels. ) 


The bark and the wood grow thicker every year, while the 
-pith, on the contrary, grows more flender, fo that-in a branch of 
one year it is of a larger fize than it ts in the fame branch when 
two years old, and fo on. In very young branches, while in an 
-herbaceous ftate, the pith forms the greateft part of it’s fubftance ; 
~-but when the fibres are ftronger, the pith becomes lefs fucculent, 
and furrounded with a tube of wood; when the branch is arrived 
to a certain age, it is fo compreffed as to be almoft annihilated. 
In examining different branches that proceed from others in their 
firft ftate, a {mall communication between the pith of the one 
and the other will be found ; but this communication is generally 
entirely clofed up in the fecond or third year.* The cells of 
which the pith is formed are at firft entirely one connected body ; 
butas the plant grows up, itis often fo broke and ruptured, as to 
remain no longer a continuous fubftance. 


This, as well as many other particulars in the hiftory of the 
pith, corroborates the opinion of Dr. Hiull,t who thinks it 1s 
formed for the purpofe of moiftening the clufters of the corona, 
and regulating it's extenfion ; it has been fuppofed coeval with, 
or primordial to all the other parts, but he thinks it 1s pofinate, 
and comes after them in the order of time, as well as in it's ules. 


That exhaled air gives origin to it’s blebs, and the thicknefs of the 
juices 


-® Duhamel Phyfique des Arbres, tom, 1, p- 38. 
+ Hill’s ConftruGtion of Timber, p. 66. — 
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: Juices cloathing the bubble, gives it form and fabA ates The 
firft feafon is the time of it’s greateft ule, and it immediately after 
begins to decay. 


The pith has in general been reprefented as much more 
complex than it really is. It confifts of a range of bladders, 
lying one over theother. The membrane is fimple, the outline 
fingle; but as it is very difficult to procure it in this fimple ftate, 
it is often feen and reprefented under a variety of irregular, 
though pleafing forms, which are occafioned by the interfections 
of the outlines of the blebs, as feen one over another. 


_ Acclufter in any part of the corona, protruding itfelf onward 
and outward in the growing feafon,* carries a part of the circle 
out with it, The clufter itfelfis a perfe&t piece of the wood and 
blea, and the bark ‘which follows it out in it’s progrefs. perfeCtly 
cloaths it: thus isthe firft protrufion of the {hoot made, but all 
this while there is no pith. The continuation of growth is made 
by the extenfion of all the parts obliquely upwards ; in the courle 
of this extenfion they hollow themfelves into a kind of cylinder, 
of the form of the future branch, and by this difpofition a {mall 
vacancy is made in their center. This enlarges as they increafe, 
and as it enlarges it becomes filled with the exudation of thofe 
little bladders which remain and conflitute the pith, fed from the 
inner coat of the pith, which already begins to. form itfelf into a 
new corona. Grew feemed to think, that in fome inflances the 
pith was of pphenes growth to the other parts, and derived it’s 
origin from the bark; and that the infertions of the bark running 
ab ait 2 in 


* Hill's Conftruion of "Eimber, P. 99- 
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in between thie rays of the wood, meet in the center, and confli- 
tute the pith, 


Or THE SAP VESSELS. 


The moft numerous and the largeft apertures are generally to. 
be found in the wood, which are perceived very dillinéily in a 
tranfverfe fe€tion, in which the ends of the veflels are feen as cut 
through by the knife. The {carlet oak of America is reeommend- 
ed‘as a proper objeét for exhibiting them. Ifa fhort cylinder of 
a three years branch of this oak, a little macerated, be hollowed 
away with a chiflel, we fhall fee what a large portion of the wood 
is occupied by thefe vellels ; they are thick and-{trong, and it is. 
eafy, with fome care and attention, to loofen feveral of them. 


Ifa number of thefe, thus feparated, be put into, a vial of 
rain water, and frequently fhook for feveral days, -fome will at 
length be found perfeéily clean, thefe are then to be put into 
fpirit of wine, and when that has been two or three times changed, 
they will be ina condition to be viewed for underitanding their 
ftru€ture ; another method of preparation has been already {hewn 
im page 162. | 


Thefe are the veflels which have been called by fome writers 
air, by others tracheal veffels. It is, however, to be remarked, 
that moft of thofe who have confidered them as air veliels, refer- 
us to the tree while ina more herbaceous flate; in this cafe they 
fay, that we thall find thefe parts filled witha fine fpiral filament. 
As thefe veflels are often to be found empty, they have been fup- 
pofed to anfwer the purpofes of lungs to the plant. Malphigt 

4 Ar Nee | - afferts, 
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afferts, that if they are examined in winter, they often exhibit a 
ve ermicular motion, which Bh ase the ipeCtator. 


Meta who fuppofe the corona to contain the whole ftruQure 
of the tree in miniature, and that it is the embryo of future fhoots, 
fuppofe it to contain the veflels proper for each part, a fubject 
that muift be left to the decifion of future obfervers. 


Or trHE VasA Propria INTIMA, 


Thefe are the only veflels which remain to be fpoken of. 
They are large, confpicuous, and important ; their natural place 
is in the blea, though they are fometimes repeated in the wood 
and the corona. Their coats are thicker than thole of any other 
veffels*® It is not difficult, after a fuccefsful maceration, to fepa- 
rate fome of thele veflels from the blea ; in this flate they appear 
perfeét cylinders, with thick white coats, of a firm, folid, and 
uniform texture. 


It has generally been fuppofed, that each of thofe concentric 
circles, which are to be obferved in the tranfverfe fe@ion of 
almoft every tree, was the produét of one year, or the quantity 
of wood added to the tree in that fpace’; here, however, Dr. 
Hill differs <a irom the general opinion. 


Fiom what has been faid we may deduce the following general 
ideas relative to the organization of trees. The mof obvious 
and remarkable | parts of a plant, or tree, are the root, the ftem, 
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the branches, the leaves, the flower, and the fruit. The com-. 
ponent parts of thefe divifions are not complicated, they are 
fimple when compared to thofe of an animal, and this becaule the 
offices of the vegetable are fewer than thofe of the animal. | 


The interior part may be confidered as confifting of lignous. 
fibres, interf{perfed with a vaft number of bladders, which are 
here named the cellular tiffue, the vafa propria, and the lap 
veflels ; though thefe are confidered by fome writers as mere air 
vellels. 


“The lignous fibres are very fine tubes, proceeding nearly in a 
vertical dire&tion from the top to the bottom of the tree; they 
are fometimes parallel ta each other, fometimes they divaricate, 
and often leave oblong intervals or {paces. Thereis great reafon 
for fuppofing them tobe a {pecies of lymphatic veflels. The 
vacant fpaces between thefe fibres are filled up by a veficular 
- membrane, lying in an horizontal direétion, and which is called 
in this chapter the cellular tiffue. A. 


The vafa propria are formed of lignous fibres, but differ from 
_ the foregoing in their fize, and in the juices which they contain. 
In the part properly called the wood, we meet with the fap 
veffels ; but as in fome flates they feem as if they were formed of 
a filver-coloured fpiral membrane, and are found without any 
juices, they have been fuppofed to be air vellels, and called the 
trachea, making up an arterial fyftem, and fupplying the place of 
the heart in animals, 
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The interior part of the tree may be further confidered as 
divided into four principal concentric flrata, the bark, the blea, 
the wood, and the pith: to thefe Dr. Hill has added the corona. 
Whatever part of a plant we examine, we find thefe and no 
more. ‘The root, it’s afcending flalk, and defcending fibre, are 
formed of one, and not three different fubftances. Thus the 
whole vegetable is reduced tq one entire body. And what ap- 
pears in the ilower to be formed of altogether diftin&t parts, will 
be found to originate in thefe. 


The bark, which is the exterior covering of the tree, is divided 
into two parts, a thin outer rind, and a much thicker inner one. 
The exterior one feems to be little more than a fine film of iregu- 
lar mefhes, the inner one compofed of large blebs, leaving in fome 
fubje€ts large vacant fpaces, which form it’s vafa propria. It is 
made up of feveral ftrata, laying one over the other. 


Next to this is the blea, which is of an uniform ftruéture. It 
is an imperfect wood, waiting only for the hand of time to be 
brought to perfe€tion. The duration of the blea in this middle 
{tate depends on the internal powers and ftrength of the tree, 
being fo much fhorter as this is. more vigorous. 


The wood, including the corona, comes next; it differs in den- 
fity and duration, both from the blea, the bark, and the wood. 
-Itis made up of flrong fibres. The life of the vegetable feems to 
refide in it; from it all the other parts are produced. It fhoots:a 
pith inwards, and a blea and a bark outwards. | 
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E very tree may be confidered ; as confifting ur numerou con- 
centric, flrata, or flakes, forming fo many cones, inicribed one 
within the other, and whole bumbde is almoft indefinite. The 
moft exterior contain the rudiments of the bark, the more interior 
thofe of the wood. In the germ they are gelatinous, by degrees 
they become herbaceous, and in proceis of time it aflumes the 
confiftency of wood. “Thus the ftem, the root, and the branch, 
may be confidered as formed of a pore number of concen- 
tric vertical ftrata, each compoled of different fafcicles of fibres, 
which fibres are again formed of fmaller ones. The {paces be- 
tween thefe, and among the fibres, are filled up, interwoven with 
and connected by the eu tiffue, of which the radial infertions 
are formed. , 


The ftrata harden fucceflively one after the other; the moft 
interior ftratum is that which hardens firft, this is then covered 
by another which is more du&ile and herbaceous, and fo on. 
From the extenfion in breadth the tree acquires bulk, from that in 
length it gains it’s height. The {trata gradually diminifh in fize 
as they gain in length; from hence the conical figure of the root 
and flem, and branch. All the parts of .the plant are the 
fame, differing in nothing more than in fhape andfize. The 
roots are {harp and pointed, that they may make their way more 
readily through the earth. The leaves are broad, that they may | 
more effe€lually catch the moiflure from the atmofphere, &c. 
When the root of a tree is elevated above, initead of being retain- 
ed under the earth, it afflumes the appearance of a perfec plant, 
with leaves and branches. Experiment fhews that a young tree 
may have it’s branches placed in the earth, and it’s roots elevated 
in the air, and in that inverted flate it will continue to live and 

| | grow. 
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grow. ‘The principal fource of the phenomena of vezetation is 
the fimplicity and uniformity of their organization. 


The figures in Plate XXVIL XXVIII. XXIX. are portions of 
tranfverfe feGtions of trees and herbs. The feétions were cut by 
Mr. Cuttance, who firft brought this art to perfection, and ‘re- 
mains unrivalled as yet in thefe performances. — 


Fig. 1, Plate XXVIII. a piece of an herb growing on dung- 
- hills, and known by the name of fat- hen; it is one of the felon 
of orach. Fig. 2, a microfeopic view of the fame. Fig. 9, a 
magnified reprefentation of a feGtion of a reed that comes on 
Paracel, Fig. 4, the real fize of the fection. 


Fig. 1, Plate XXVIII. a magnified view of a feGtion of the 
althea frutex. Fig. 3, aditto of the hazel. Fig. 5, a ditto from 
a branch of the lime-tree. Fig. 2, 4, 6, reprefent the real fize 
_of the teclions. | I 


Plate XKIX. Fig. 1, a magnified view of a fection of common 


cane. Fig. 2, one of the bamboo cane. Fig. 3, one of fugar 
cane, Fig. 3, 4, 6, the real fize of the fections. 


CHAP. 
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CougT SAY poeta: 


‘ 


Or THE CRYSTALLIZATION OF SALTS, AS SEEN BY THE 
MicroscoPpE; TOGETHER WITH A CONCISE List oF 
OBJECTS. 


RysTALLIZATION, in general, fignifies the natural form- 
ation of any fubftance into a regular figure, refembling that — 

of natural cryftal.. Hence the phrafes of cryttallized ores, cry!- 
tallized falts, &c. and even the bafaltic rocks are now generally 
reckoned to be effects of this operation; the term, however, is 
moft commonly applied to bodies of the faline kind; and their 
feparation m regular figures from the water, or other fluid in 
which they were diflolved, is called their cryftallization. If the 
word cryftallization were to be confined to it’s moft proper fenfe, 
as it feems to- have been formerly, it could only be applied to 
operations by which certain fubftances are difpofed to pais from 
a fluid to a folid ftate, by the union of their parts, which fo 
arrange themfelves, that they form tranfparent and regularly- 
ea figured 
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figured maifles, like native cryftal; from which refemblance the 
word cryflallization has evidently been taken.* 


But modern chemifts and naturalifts have much extended this 
expreffion, and it now fignifies a regular arrangement of the 
parts of any body which 1s capable of it, whether the mafles fo 
arranged be tranfparent or not. ‘Thus opake flones, pyrites, and 
minerals, when regularly formed, are faid to be baer aie as 
well as tranfparent {tones and falts. 


The opacity al tranfparency of fubftances are juftly aifre! 
garded, in confidering whether they be cryflallized or not; for 
thefe qualities are perfe€tly indifferent to the regular arrangement 
of the integrant parts of fubftances, which is thie effential aren of 
cryftallization. 


This being eftablifhed, cryftallization may be defined, an 
_ operation by Sd the integrant parts of a body, feparated from 
‘each other by the interpofition of a fluid, are dilpofed to unite 
again, and to form folid, regular, and uniform malfles. 


To underftand as much as we can of the mechanifm of cryflal- 


lization, we muit remark, 


. That the integrant parts of all bodies have a tendency to 
: ae other, by which they approach, unite, and edienc toge- 
ther, when not prevented by an a 


ree a 2. That 


* Macquer’s Dictionary of Chemiftry, Art. Cryfallization. 
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_ g. That, in fimple or little-compounded bodies, this tendency 
of integrant parts is more obvious and fenfible than in others more-: 
compounded: hence the former. are much more difpofed to. 
eryftallize. 3 


3.. That.although we do not know the figure of ‘the primitive~ 
integrant molecules of any body, we cannot doubt but that.thofe- 
of-every. different body have a conftantly uniform and peculiar: 
figure. 


4. That thefe integrant parts cannot have an equal tendency to» 
unite indifcriminately by any of their fides, but. by fome prefer-. 
ably. to others, excepting all the fides of an integrant part of a: 
body be equal and fimilar; and probably. the fides, by which. 


they tend to unite, are thofe by which they can touch molt ex-. 
tenfively and immediately, — 


The moft general’phznomena of cryftallization may be cone- 
-ceived in the following manner ; 


Let a body be fuppofed:to have it’s imtegrant parts feparated. 
from each other by fome fluid; if a part of this fluid be taken: 
away, thefe integrant parts will approach together; and as the: 
quantity of intervening fluid diminifhes, they will at*laft touch. 
and unite.. They may alfo.unite when they come fo near to each. ~ 
other, that their-mutual tendency fhall be capable of overcoming. 
the diftance betwixt them. If} befides, they have time and: 
liberty to unite with each other by the fides moft difpofed to this 
union, they will form mafles of a figure conftantly uniform and: 
fimilar, me the fame reafon, when the interpofed fluid is haftily . ( 


» taken. 
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‘taken away, fo that the integrant parts fhall be approximated, 
.and be brought into contaét before they have taken the pofition 
of their natural tendency, ‘then they will join confufedly by fuch 
fides as chance prefents to them, they’ will, in fuch circum- 
ftances, form folid maffes, whole figures will not .be determinate, 
-but irregular and various. . 


‘Different falts affume different figures an cryflallization, and 
are, by this means, eafily diftinguifhed from one another. But 
‘befides the large cryftals produced in this way, each faltis capable 
-of producing a very different appearance of the cryftalline kind, 
when only a drop-of the faline folution is made ufe of, and the 
seryltallization viewed through a microfeope. For our know- 
ledge of this fpecies of cryflallization we are indebted to Mr, 
Henry Baker, who was prefented by the Royal Society with a 
‘gold medal for the difcovery, inthe year 1744. Thele micro- 
‘fcopical cryftals he diftinguifhes from the larger ones by the name 
‘of configurations; but this term feems inaccurate, and the 
‘diftinGtion may be properly preferved by calling the large ones 
the common, and the {mall ones the microscopicat cryttals of 
the falt. | 


It has not yet been fhewn by any writer on~the fubjett, why 
falts fhould aflume any regular figure, much lefs why every one 
fhould have a form peculiar to itfelf, Sir aac Newton endea- 
_ voured to account for this, by fuppofine the particles of falt to be 

-diffufed through the folvent fluid, at equal diftances from each 
other; and that then the power of the attrattion between the 
faline particles could not fail to bring them together in regular 
fioures, as foon as the diminution of heat fuffered them to: act on 

4°OU2 : each 
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each other.* But it is certain fome other agent muft be concerm- 
ed in this operation befides mere attra€tion, otherwife all falts 
would cryftallize in the fame, manner. Others have, therefore, 
had recourfe to fome kind of polarity in the particles of each falt, 
which determined them to arrange themfelves in fuch a certain 
form ; but unleis we give a reafon for this polarity, we only ex- 
plain cryftallization by itfelf. One thing feems to have been. 
everlooked by thofe who have endeavoured. to invelligate this. 
fubjeét, namely, that the faline particles do not only attract one 
another, but they alfo attract fome part of the water which. 
diffolves them. 


Did they only attraét each other, the falt, inftead of cryftal- 
lizing, would fall to the bottom as a powder ; whereas, a faline: 
eryftal is compofed of falt and water, as certainly as the body of 
an animal is compofed of flefh and blood, or a vegetable of folid’ _ 
matter and fap; if faline cryftal is deprived of it’s aqueous part, 
it will as certainly lofe it’s cryftalline form as.if it was deprived of 
the faline part. It is, therefore, not improbable, that cryftalliza- _ 
tion is a {pecies of vegetation, and is accomplifhed by the fame. 
powers to which the growth of plants and animals are to be. 
afcribed. Some kinds of cryftallization refemble vegetation fo. 
much, that we can fearce avoid attributing them to. the fame: 
eaule. 


It has been imagined, that all the great operations in nature 
may be reduced to two principles, thofe of cryftallization. and 
organization ; but that often they are fo concealed as to be in-. 


vilible. 


* Encyclopedia Britannica, p. 2329-. 
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vifible. Hence cryftallized fubNances have been often miftaken 
for organized ones, and vice verfa. ‘They differ, however, effen. 
tially in their growth and origin. Organized beings {pring from 
a germ, in which all the efiential parts are concentrated, and 
bes grow by intufception; whereas cryfiallized fubftances in- 
ereafe by the fucceflive appofition of certain molecules, of a de- 
termined figure, which unite in one common mals. Thus 
eryftallized ies do not grow, properly {peaking ; though their 
fubftance is Daaient a they are not preformed, but ae 


daily. 


We have already fhewn, page 163, how toprepare the various 
falts for microfcopical obfervations. The beautiful cryftalliza- 
tions reprefented in Pl. XXX. and XXXI. were produced. in the 
manner there defcribed. 


Fig. 2, Plate XXX. fhews the microfcopical cryftals of nitre. 
Thefe {hoot from the edges with very little heat, im flattifh figures, 
of various lengths, and exceedingly tranfparent, the fides nearly. 
parallel, though rather jagged, and tapering to a point; after a. 
number of thefe are formed, they often diflolve under ‘the eye, 
and difappear entirely ; but in a little trme new fhoots will pufh 
out, and the procefs go on afrefh. Beautiful ramifications are 
formed round the edge, and many regular figures are to be ob- 
ferved in. different parts of the drop.. Fig. 2 is the real-fize of the: 
drop. 


Fig. 3, Plate XXX. is a drop of diftilled verdigreafe; as it ap- 
peared when. viewed by the microfcope.. There is a difference in: 
the: 
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the appearance from this fubftance; according as the time of the 
application is nearer to or more .diftant:from .that in ‘which the 
folution was made. 


Fig. 1, Pl. XXXI. -reprefents.the microfcopical cryftals of falt 
of wormwood. The fhootings from the edges of this folution are 
-often very thick in proportion to their length, their fides full -ef 
‘notches, the ends generally acute; many fpear-like forms are 
-alfo to .be sponta as well as little cryftals of a variety-of 
figures. | | 


Fig. 2, Plate XXXI. the faltofamber. ‘The fhootings of this 
falt are highly entertaining, though the procels is very flow; many 
{fpicula fhoot from the edge towards the middle -of the folution, 
and from the pointed ends of the {picula,:a great variety of diver- 
fified branches may be obferved, varioufly divided and fubdivided, 
and forming at laft, os Mr. Baker, a winter {cene of trees with- 
out leaves. | | 


Salt of hhartlhorn, Fig. 3, Plate XXXI. This falt thoots out 
from the edge of the drop into folid, thick, and rather opake 
figures ; from thele it often fhoots into branches of a rugged ap- 
‘pearance, fimilar to thofe of fome fpecies of coral. 


Fi 1g. 4, Pl. XXXL. reprefents the ceneisireat teins of fal ammoniac. 
‘Thefe form a moft beautiful objeét in the microfcope : a general | 
idea may be more eafily formed, by confidering the figure here 
‘exhibited, than by a verbal defeription. 
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‘A concise List or Opjects ror THE MICROSCOPE. 


The fhort lift here prefented to the reader muft, from. the 
nature of the fubject, be very imperfett ; for the whole of the ani- 
mal, vegetable, and mmeral kingdoms, with all their numerous 
fub-divifions, furnifh objeéts for the microfcope; and there is 
not one of them that,. when properly examined, will not afford 
inftruétion and entertainment to the rational inveftigator of the 
works of creation, The Syftema Nature of Linneus may 
therefore be confidered’ as a catalogue of univerfals for.micro-. 
{copic obfervation,.each of which involves a variety of particu-. 
lars. ‘The lift here given can be confidered as little more than a- 
direCtory,-to point out to:thofe who have only begun to ftudy 
this part of natural hiftory, a: few of thofe objects which merit: 
their attention, and which, from their beauties, may incite them. 
to purlue the {ftudy with greater ardor... | 


« Thofe who rightly confider natural things, will find them a: 
fhadow of heavenly things, a {chool in which God 1s the teacher, . 
and all the objeéts of fenfe in heaven and earth, and under the» 
earth, are as the letters of an univerfal language, in which all 
nations have a common intereft..: The Creator himfelf has made 
this ufe of it, revealing his will by it, and referring man to it for 
inftruction. From: hence the univerfal agreement between nature 
and revelation. Hence, alfo, he that can underftand God as 
the fountain of truth, and the Saviour of men in the holy {erip-- 
tures, will be better difpofed to underftand and adore Him as the - 
fountain of power and goodnefs in the natural creation. Where-. 
foever we go in divinity, the true philofophy will follow us as a. 
4 faithful. 


ier 
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faithful witnels, and fhew that the world was made, as the {crip- 
tures were written, for our inftruétion; and find the creation of 
God is the {chool of chriftians, if they ufe it aright.”* 


Or Orake Osjecrs. 


Ores and minerals afford an immenfe variety of very beautiful 
and {plendid objeéts. From among{t thefe the obferver may 
{elect the peacock, or coloured copper ore, green cryftallized 
ditto, lead ore, cryflailized ditto, cryftals of lead, {mall grained 
marcafites, coloured mundic, cmnabar, native fulphur, needle 
and other antimony, mofs copper, &c. A mixture of {mall 
pieces of ores, &c. of different kinds, produces a pleafing effet. 
Sands, in general, exhibit fomething not difcoverable with the 
naked eye. Sand from the fea-fhore is often intermixed with 
minute fhells, particularly that from Rimini, in Italy. Mr. 
Walker has publifhed a fpecimen of the fmall microfcopic fhells | 

shich are found on our own coaft. From this work we learn, 
that there are fhell-fifh as fmall as the minuteft infects, and 
_ pollefled of beauties, of which we can form no conception till we 
have feen them. Mr. Walker’s work is.entitled, «A Colleétion-of 
the minute and rare Shells found on the Sea-fhore near Sand- 
wich.” ‘There isa fand from Africa full of fmall garnets. ‘The 
ketton, or kettering flone, is a pleafing object; when examined 
by the microfcope, we find the grain of it very different from that 
of other ftones, being compofed of innumerable minute balls, 


“which barely touch eaeh other, and yet form a fubftance much 
| harder 


* Jor’ s Lectures on the Figurative Language of the Holy Scriptures. 
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harder than free-flone; the grains are, in general, fo firmly 
united together at the points of contaét, that it 1s hardly poflible 
to feparate them without breaking one or both of the grains. 
See Hooke’s Micrographia. 


Insects of all kinds, both foreign and domeftic, are pleafing 
objects; but as the foreign ones are not fo eafily met with, I 
fhall mention but a few of them, confining myfelf principally to. 
thofe of this country. Among the exotic infeéis none appear more 
beautiful in the microfcope than the curculio imperialis, Brazil, 
or diamond beetle; the bupreftis ignita, a large beetle from | 
China; the meloe veficatorius, blifter-fly, or cantharis of the 
fhops ; feveral {pecies, of locufts, grafshoppers, &c, Among the 
Englifh beetles. we’ may reckon the fcarabzus auratus, or rofe 
chaffer, f{earabzus nobilis, fcarabeus horticola, filpha aquatica, 
caffida nobilis and nebulofa. Coccinella, or lady-cow; of thele 
there are great! variety, both, in: fize and-colours, fome. red and 
black; others black-and: ted; and-fome yellow ‘and black. Chry- 
fomela;. graminis-faftuofa;, nitidula, fericea, melanopa, afparagi, 


vide Plate XX. Fig. 2. Curculio-frumentarius, lapathi, betuta, ~~ 


nucums, fcrophularia, argenteus; a: beautiful. little infeét refem- 
bling: the diamond: beetle; but in miniature; curculio albinus, 
very beautiful, but fearce’in this country. Leptura aquatica, 
_thefe are of various colours; as blue, purple, bronze, and crim- 
fon. Arcuata ariflis, very common, and is often called the walp 
beetle. Cicendela campeftris, on dry banks. Carabus nitens, 
found in Yorkfhite, a beautiful infe@; many {mall carabi. Gryl- 
lus, gryllo talpa, or mole cricket; this infeé&t, and the grafs- 
hoppers, are many of them too large to be obferved,at one view; 
but the head, fore and hind feet, elytra, &c. viewed feparately, 

4 P are 
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are fine objeéts.. Cicada, fanguinolenta, nervola, ae 
notonecta ftviata, minutiliima, head and claws of the nepa cme 

rea, or water- {corpion, and, the. whole variety of cimeces, or 
field bugs. -The wings of butterflies and moths, the ehryfalis OF. 


the common white buttertly , 18 eee fine, 


I with it were in-my: power to invite the reader to confider the- 
pupa flate of thefe infe&is, as he would find them intereiting iny 
various points of view. Perhaps the following paflage from.an. 
ingenious writer may have this effect.. 


« Some of thefe creatures crawl for a time as helplels worms: 
upon the earth, like ourfelves ; they then retire into a covering, — 
which anfwers the end of a coffin, or ‘a fepulchre, wherein they 
are invifibly transformed, ‘and come forth in glorious array, with 
wings and painted: plumes, more like the inhabitants of the hea- 
vens than{fuch worms as they were in their former-tate. This trans+ 
formation is fo firiking and pleafant an emblem of the prefent, in- 
termediate, and glorified ftate of man, that people of the moft re- 
mote’ antiquity, when they buried their dead, embalmed and: ins 
clofed them in an artificial covering, fo figured and»painted, as 
to refemble the caterpillar in the intermediate flate; and-as 
Jofeph was the firft.we read of that. was embalmed in Egypt, 
where this..cuftom. prevailed, it. was probably of Hebrew 
original,” om . 


The eggs of iin and buttedflics! particularly the sheen 
neuftria, vide Plate X, Fig. 1to5. The bodies and: heads. of . 
many hibellule,. 


Many. : 
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Many of the ichneumon flies, {pheges ata walps, head of the 
hornet, fting of ditto, collectors of the bee, many forts of mufez, 
or flies waeles two wings, efpecially thofe whofe bodies are highly 
| coloured ; acarl, OF Vales phalangium cancroides, vide Plate 

XVII. Fig. 1 and6. Some fpiders, but the eyes of all; the 
Onifcus or wood loufe, julus, and fcolopendre. 


The feathers of peacocks, and many other birds, have a grand 
_ effe@ when viewed in the opake microfcope, as have alfo fome 
{pecies of ferns, mofies, and wood cut tranfverfely. . Madrepores, 
millepores, {ponges, corralinés, &c. exhibit wonderful ‘appear- 
ances, not difcernible to the naked eye. “Parts of echini or fea 
eggs, {pines of ditto; thefe may alfo be cut tranfverlely, to fhew 
their conftru€tion. Minute hells diffe€ted, fkin of many fpecies 
of fifh, particularly the lump fifh, Plate XVIII. Fig. 2. Soal, 
and the rafp fifh from Otaheite, alfo the {kins of fishes, lizards, 
guanas, &c. &c. An endlefs variety will be difcovered in’ 
feeds. 


~The exterior form, and even the internal ftruéture of the gene- 
rality of vegetable feeds, have been fuppofed by fome fo much 
alike in the feveral kinds, and of fo little curiofity and beauty in 

the whole, that they have f{carcely been regarded by the curious ; 
but when nearly examined, with the help of microfcopes, they 
are found to be worthy of a greater attention; thofe which ap- 
pear moft like to one another, when viewed by the naked eye, 
often proving as different when thus examined, in their feveral 
forms and charaéters, as the different genera of any other bodies 
of the creation. If their external forms carry all this variety and | 
ae ake beauty 
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beauty about them, their internal ftru@ture, when laid open by 
different feétions, appears yet more admirable. 


The feed of the mufk f{cabtous is amazing in it’s fhape and! 
Ytructure ; it refembles in figure an o€tagonal vafe, with a feal-. | 
loped brim ; the whole is bell-fafhioned, having ribs or divifions, 
which run down from the mouth of the vafe, and thence be- 
coming narrower, form the bottom. Between thefe ribs, down 
to the beginning of the narrow part, it is clear, though not 
wholly tranfparent, and from thence to the bottom the ribs are 
hairy. This vafe contains a feed, which is like a peftle flanding. 
in amortar. The peftle ftands loofe in an o€tagonal cafe, but 
the narrownefs of the mouth of this vafe hinders the peftle’s being 
drawn out, becaufe it’s extremity within is rounded, and thicker: 
than any other part of it, From it’s upper end there arife five- 
fpiculated arefte, erawns, whofe little thorns are directed up- 
wards, and are thereby prepared to caufe the feed to recede from: 
any thing that might injure it on being touched, The bafon,, 
from which thefe stilts arife, is of a fine green colour, and they: 
are of an elegant fhining brown. - 


The feed of the great maple, which we commonly, but im- 
properly, call the fycamore tree, confilts of a pod and it’s wing 3 
two of thefe grow upona pedicle, with the pods together, which, 
makes them refemble the body of an infe@ with it’s. expanded’ 
wings: the wings are finely vafculated, and the pods are winged, 
with a fine white down, refembling filk: this contains a round. 
compact pellet, covered with a-brown membrane, that flicks very: 
clofely to it, Wiken this is 5 pulled off, inftead of difcerning a, 

5 | kernel, 
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Kernel, as in other feeds, there appears an entire green plant, 
folded up in a moft furprizing manner. The pedicle of this is 
about two-eighths of an inch long, and it’s feminal leaves of about 
fix-eighths each; between thefe the germina of the next pair of 
leaves are plainly vifible to the naked eye, but with a microfcope 
they are feen with the greateft beauty and perfection. Thefe, and 
a number of fuch other beauties in this part of the creation, are 
-defcribed at large by Dr. Parfons, in his work entitled, “A. 
Microfcopic Theatre of Seeds.” Moft kinds of feeds fhould be 
prepared for a microfcopical examination, by {teeping them in. 
warm water till their coats are feparated,. and their feminal leaves: 
may then be opened without laceration. But feeds, while dry,. 
and without any preparation, are of an almoft infinite variety of 
fhape, and afford a number of pleafing objetts for the micro- 
{copes | 


"TRANSPARENT OBJECTS.. 


We may fele& from the elytra, or upper wings of beetles,. 
many beautiful objects ; the conftruéiion of. thefe will be found 
to differ very much; the membranaceous wings, as m the feara- 
beus folftitialis, or fmall cock-chaffer; blatta americana, or 
eock-roach; all.the grylly as lecufts, grafshoppers, &e. Among 
thé cicadas, the elytra’ of the nervofa are the moft elegant, the 
nerves are elevated, and curioufly {potted with brown. ‘The 
elytra of the cimeces, or field bugs, which are a very numerous 
tribe, afford a great variety of objects; we may feleét from thefe,. 
as the moft beautiful, the elytra of the cimex baccarum, itnatus, 

_ Plate XX. Fig.4. The elytra of the fulgora candelaria, from. 

China, differs efentially from all others. : 
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“The under, or more tranfparent wings of beetles excite our 
attention even more than the upper, or:cruftaceous ones; -for 
whether we confider the delicacy of their texture, the great 

weight that many ‘of them are calculated ‘to fuftain-in the air, or 
the yery curious manner in which they fold them up under the 
upper cafe, their mechanifm muft aftonifh and delight us; no 
two genera will be found alike, ‘though every- individual éf the 
fame genus willbe exact ; the wing of the forficula, or earwig, ~ 
Plate XIX. Fig. 1, isan elegant {pecimen of the manner of their 
folding; this wing folds.under a cafe not one-eighth of it’s fize. 


The under wing of the ‘blatta orientalis,‘a beetle common in 
moft kitchens, appears to unite the elytra and tran{parent wings, 
partaking in fome degree of both. 


Among the membranaceous or’ more tranfparent-winged in- 
feéts, the variety is-endlefs, each genus differing effentially from 
the other, fome appearing full of membranes, or nerves, curioully 
difpofed; others, again, with fcarce any, like a clear piece of 
talc, or ifinglafs; fome exhibit a curious ground-work of points, 
which, on clofe examination, prove fhort hairs, while the nerves 
of others are furnifhed with little {cales, or feathers, as in fome 
{pecies of the gnat. The wings of many mufce are coloured 
with black, brown, and white, in clouds, fpots, ftripes, .&c. &c. 


The libellula, or dragon-flies, alone afford a great variety, not 
enly.in form, but colour; thefe are all furnilhed with numerous 
and very {rong nerves, adapted to the velocity of their flight ; 
the wings of the pine te or May flies, are much more delicate, 

thele 
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thefe flies reft with their wings erect. The phryganee differ very 
much from the foregoing, and alfo from one another; their under 
wings fold, and the upper ones are of a {tronger texture, many 
of them fo much relembling {mall moths as not eafily to be dif- 
tinguifhed from them : thefe. are all found in the vicinity of ponds 
or marfhy places. In the hemerobu a wonderful degree of ele- 
gance is exhibited in the difpofition of the nerves, which compofe 
shake wings, each nerve. being adorned with hair in a beautiful 
manner; there are ‘many {pecies of thefe flies equally beautiful, a 
fpecimen is given in Plate XIII. Fig. 1. The ichneumon fly has 
four tranfparent wings, the inferior ones {maller, and more deli- 
cate than the fuperior; the tube through which the female 
depofits it’s eggs, is.an additional object -well worth attention. 
The wings of: wafps are folded longitudinally, the wings of the 
large bee are very curious. Gnats .in. general, and the various 
{pecies of tipule, together with the clouded and variegated wings 
of the mufce, tabani, &c..increale the. catalogue beyond the 
power of.enumeration; in fhort, there is nota wing but has it’s 
particular beauties, and will amply repay the attentive obferver. 
The current fphinx moth conneéts the tran{parent and farinaceous . 
wings. partaking of both,.and the white plumed,.and many plumed 
moths, exhibit wings totally. different from all the refi; many 
other {mall moths furnifh wings fufficiently tranfparent for obfer- 
vation, the fringe or edges being remarkably beautiful. 


Many {mall infes that are not.too. opake, may be viewed and 
examined as tranfparent objects; as fome of thefe have been par- 
__ticularly noticed by the early micro{copic writers, it will be:necef-, 
faty to give fome account of them, as without it the work might 
be.deemed incomplete. Every one is acquainted with the agility, 

; ~ and. 
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and blood-thirfly difpofition of the flea, of the caution with which 
it comes to the attack, and the readinefs with which it avoids 
purluit. It belongs to the clafs aptera, has two eyes, fix feet, 
particularly conftruéted for leaping, the feelers are filiform, the 
roflrum is inflected, fetaceous, and armed with a fling ; the belly 
is comprefled. This creature 1s produced from eggs, which they 
depofit on the animals that afford them food, or affix them to the 
wool. of blankets, rugs, &c. of thefe eggs are hatched white 
worms, which adhere clofely to the body of the animal, or other 
fubftance on which they are produced; in a fortnight they come 
to a tolerable fize; and are very lively and attive; but if they 
are touched at this time, they roll themfelves up in a ball. After 
about eleven days from the time of their being hatched, they feek 
a place to hide in, and if viewed by a microfcope,-will be found 
weaving a covering or bag, in which they affume the pupa ftate, 
where they continue from nine days to a fortnight, when having 
acquired fufficient ftrength, they burft from their confinement, | 
' perfeétly formed, and-armed with powers to-difturb the peace of 
an emperor. : 


The flea when examined by the microfcope is not an unplea- 
fing objeét: it is difficult, however, to obtain fuch a view of it as 
will difplay the mechanifm and apparatus belonging to the head. 
Thefe parts are but imperfectly reprefented in. the celebrated 
drawing of Dr. Hooke. The neck is long, finely arched, and 
much refembles the tail of a lobfter; the body is covered all over 
with a fuit of fable armour, formed: of: a hard: fhelly fubftance, 
- curioufly jointed and folded’ over one another, and yet yielding 
to all the nimble motion of the little animal: the edges of the 
feales are curioufly fet, with fhort, fpikes or hairs: it has two 


fharp’ 
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{harp eyes to look before it leaps, for which purpofe it’s legs are 
excellently adapted, for the joints are fo conftruéted that it can 
fold them up as it were, and when it leaps, {pring them out all 
at once, whereby its whole flrength is exerted, and the body | 
often raifed two hundred times it’s own diameter; there are fe- 
veral joints in the legs; they are alfo very hairy, and terminated 
by two long hooked fharp claws; the two fore legs are placed 
very near the neck, and often conceal the probofcis from our 
view, the other four join all at the breaft: the flexure of the 
two fore ones is contrary to that of the hinder ones: the pro- 
bofcis, or fucker, with*which it penetrates the fkin, is placed at 
the end of the fnout, and is not eafily feen, except the two fore 
legs are firft removed; in it are included a couple of darts or 
lancets, which, after the probofcis has made an entrance, are 
thruft farther into the flefh, and make the blood flow from the 
adjacent parts, and occafion that round red fpot, with a hole in 
the center of it, called a flea bite. 


The bed bug is another naufeous infect, “ that intrudes upon 
the peace of mankind, and often banifhes that fleep which even 
anxiety and forrow permitted to approach : the night is the fea- 
fon when the bed bug iffues from it’s retreat to make it's depre- 
dations: by day it lurks in the moft fecret parts of the bed, takes 
the advantage of every chink and cranny to make a fecure lodge- 
ment, and contrives it’s habitation with fo much art, that {carce 
any induftry can difcover it’s retreat: but when darknefs promiles 
fecurity, it then iflues from every corner of the bed, drops from 
the tefter, and crawls from behind the arras, and travels to the 
unhappy patient, who vainly wifhes for reft and refrefhment.” 


Ay CT } Thefe 
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Thefe infeéts are as difagreeable from their naufeous ftench, as 
their unceafing appetites. Linnzus thinks that they are not 
originally of European growth, but were imported from fome 
other country. It has two brown fmall prominent eyes, two 
amtenne, and a crooked probofcis, which lies clofe under the 
breaft. Inftead of wings, we find on the firit ring of the belly, 
two flat pieces which entirely cover it, and extend towards the 
fides. Thefe plates, the trunk and the head, are amply fet with 
hairs. The probofcis is divided tran{verfely into four parts, which 
are probably fo many articulations ; this piece is beft feen on the 
underfide of the bug. It has fix legs, each of which has three: 
joints; the {kin is chagrined, and the feparation of the rings. 
ufually marked by a {mooth fhining band. Qn the belly, at a 
{mall diftance from the edge, you may perceive a fet of circular 
{pots, two on each ring, except the laft; thefe are the fpiracula. 
Examined internally we find one large artery, a ftomach, and in- 
teftines. The inftant it perceives the hght it endeavours. to gain | 
it’s habitation, and feldom fails in making good it’s retreat. 


Of the loufe. Various as. are the antipathies of mankind, all 
feem to unite in their diflike to this animal, and to regard it as. 
their natural and meft naufeous enemy. ‘ Whenever wretched-. 
nefs, difeafe, and hunger, feize upon man, the loufe feldom fails to. 
add itfelfto the tribe, and to increafe in proportion to the number 
of his calamities.” 


When the human loufe is examined by the microfcope, it’s 
deformity fills us with difguft. In the head we may diftinguifh: 
two fine black eyes, near this are the two antenne : the fore part 
of the head is rather long, the hinder more obtufe or rounder; 


there ; 
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there is a fmall part that projeéts from the nofe or fnout, this 
ferves as a fheath or cafe to. the probofcis, which the creature 
thrufts into the {kin to draw out the blood and humours which 
are it’s deftined food, for it has no mouth which opens in the 
common way. net 


This probofcis has been eflimated to be feven hundred times 
{maller than a hair, and is contained in another cafe within the 
firft, and can be drawn in or thruft out at pleafure: the fkin is 
hard and tranfparent. From the under fide proceed fix legs, 
each of which has five joints, and terminates in two unequal 
hooked claws, thefe it ufes as we would a thumb and finger; 
there are hairs between the claws, as well as all over the legs; 
the body finifhes in a cloven tail, which is generally covered, and 
partly concealed by hairs. , 


From the extreme tranfparency of it’s {kin, many of it’s inter- _ 
nal parts may be feen, as the various ramifications of the veins 
and arteries, and the periftaltic motion of the guts. When the 
loufe feeds, the blood is feen ‘to rufh like a torrent into the 
{tomach, and it’s greedinefs is fo great, that the excrement con- 
tained in the inteftines is ejetted at the fame time, to make room 
for this new fupply. There is f{carce any animal that multiplies 
fo faft as this unwelcome intruder, the moment it is excluded 
from the egg it begins to breed. 


It would be endlefs to defcribe the various creatures which go 
under the name of lice, and fwarm upon every part of nature. 
Ths reader who wifhes fora more particular account of thofe 
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which infeft various animals; would do well to Jook into Rhedi’s. 
Treatife de Generatione Infectorum. 


The fpider is another infeéi which is often examined by the 
microfcope, and certainly affords much matter for obfervation. 
“Formed for a life of rapacity, and incapable of living but by 
blood, all it’s habits are calculated to deceive and furprize; it~ 
{preads toils to entangle it’s prey ; it 1s endued with patience to 
expect it’s coming, and is poffefled of arms and ftrength to deftroy. 
it when fallen into the fnare. 


«—__—. To heedlefs flies the window proves. 
_A conftant death ; where, gloomily retired, 
The villian fpider lives, cunning and fierce, 
Mixture abhorr'd; amid a mangled heap 

Of carcafes, in eager watch he fits, | 
O’erlooking all his waving {hares around. 

Near the dire cell the dreadlefs wanderer oft 
Pafles, as oft the ruffian fhews his front; _ 

The prey at laft enfnar’d, he dreadful darts. 
With rapid glide along the leaning line ; 

And, fixing in the wretch his cruel fangs, 
Strikes backward grimly pleas’d: the flutt’ri ring wing 
And fhriller found declare extreme diftrefs, 

And afk the helping hofpitable hand.” 


The eyes of the {pider are a very beautiful microfcopic objeé, 
viewed either as tranfparent or opake; they have generally eight, 
two onthe top of the head, that: look direéily upwards; two 
in the front, a little below the foregoing, to difcover what 
pailes 
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pafles before it; and on each fide a couple more, one whereof 
points fideways forward, the other fideways backward ; fo that it 
can fee almoft all round it. ‘They are immoveable, and feem to 
be formed of a hard, tranfparent, horny fubftance. ‘The number 
of eyes is not the fame in all the {pecies of the fpider. They 
have eight legs, with fix joints, thickly belet with hairs, and ter- 
minating in two crooked moveable claws, which have little teeth 
like a faw; at afmall diftance from thefe claws, but placed high- 


er up, is another, fomewhat like a cock’s fpur, by the affiftance of 


3 


which it adheres to it’s webs;. but the weapon wherewith it 
feizes and kills it’s prey is a pair of fharp crooked claws, or for- 
ceps, placed in the fore-part of the head. They can open or 
extend thefe pincers as occafion may require; when undifturbed, 
they fuffer them to lie one upon another. Mr. Leeuwenhoeck 
fays, that each of thefe claws has a {mall aperture, or flit, 
through which he fuppofes a poifonous juice is injected into the 
wound it makes.. 


The exuvia- of the fpider, which may be found in cobwebs, 
being tranfparent, is an excellent object; and the fangs, or for- 
ceps; may be eafier feparated from it, and examined with more 
exacinefs than ina living fpider. The contexture of the {pider’s 
web, and their manner of weaving them, have been difcovered 
by the microfcope. The fpider is fupplied with a large quantity of 
glutinous matter within. it’s body, and five dugs, or teats, for 
{pinning it into: thread. This fubftance, when examined 
accurately, will be found twifted into many coils, of an agate 


‘colour, and which, from it’s tenacity, may be eafily drawn out 


into threads. The five teats are placed near the extremity of the 


tail; from thefe the aforefaid fubftance proceeds ;. it adheres to 
any 
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any thing it is prefled againft, and being drawn out, hardens-in the 
air. The {pider can contrat or dilate at pleafure the orifices 
through which the thread is drawn. The threads unite at a 
finall diftance from the body, fo that thofe which appear to us fo 
fine and fingle, are notwithftanding compoled of five joined to- 
gether, and thele are mney times dAquisled when the web is in 
formation. 


The gnat is a beautiful obje€t for the microfcope. We have 
already noticed the curious manner in which they difpofe their 
eogs upon the furface of the water. Thefe, as they come to ma- 
turity, fink deeper. There is no fpecies of infeét more trouble- 
fome to mankind than the gnat: others give more pain. with their 
ftings, but it is only by accident we are flung by them; but the ~ 
gnats thirft for our blood, and follow us in whole companies for 
it. There are many marfhy places in our country, where the 
legs and arms of the inhabitants are kept {welled all the fummer 
by the biting of thefe infeéts: in many other countries they are 
yet more troublefome than with us. It is one of thofe infeéts 
which pafs through two ftates of life, feemingly quite oppofed to - 
each other; in one condition f{wimming in the water like fifh, in 
the other becoming like the birds, inhabitants of the air. 


From the egg proceeds the larva, in which flate it is moft 
happily fuited to fhew the feveral operations of life; for a 
moderate magnifying power will difcover what pafles within it's 
tranfparent body. It hasa large {caly head, with two large an- 
tennz, befides feveral hairy parts, and articulated briftles near 
the mouth, which are in continual motion. Ifthe worm be dif- 
feted, the feet of the gnat may be found folded up in the 

divifions 
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divifions of the thorax ; the abdomen is divided into eight rings, 
from the edges of each of which three or four briftles proceed. 
The tail is divided into two parts, of very different forms; by 
one of thefe it can fteer itlelf any way, in the other we may dif- 
cover two pulmonary tubes, through which the infect breathes. 
The larva has a power of moiftening the tail with an oleaginous 
liquor, by which means it can fufpend itfelf on the furface of the 
water. On agitating the water, the worms defcend with, precipi- 
tation to the bottom ; but they foon return to the furface, to. 
breathe the air through the tube that is annexed to their tail. 

They pafs from this {late into that of the pupa, which is the gnat 
inclofed in a thin {kin, under which it is formed and ftrengthened, 
the organs of refpiration are changed, breathing in this ftate 
through a couple of horns, which are placed near the head,. 
keeping itfelfrolled upon the furface of the water, though on. 
the leaft motion’ it defcends, unrolling itfelf, ae by the oars near. 


the tail. 


From the {poils of the pupa, a little winged infe&t proceeds, 
whofe every part is aétive to the latt degree, and whofe whole 
firucture is the juft objeft of our admiration. It’s head, adorned. 
with feathers, sa fine microfcopie objet ; but the proboleis may 
be deemed one of the moft curious inftruments-in the infec cre- — 
ation. It confilts of a fealy fheath; at about two-thirds from the 

end of this there is an aperture, through which it darts four: 
pieces; one of thefe is, however, no more than the cafe im which. 
the others lie concealed. be 
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_. The probolcis of the enat-confifts of .a great number of ex- 
tremely delicate pieces, all concurring to one purpofe; this is 
the inflrument with which it ftrikes the flefh, and fucks the blood 
of animal bodies. The only part exhibited to the naked eye is the 
{heath, which contains all the other pieces. The fheath is a cy- 
lindric tube, which is flit in fuch a manner, that the infe&t can 
feparate it from the dart, and bend it more or lefs in proportion 
as the dart is plunged into the wound; From this tube the 
{ting is darted, which confifts of five or fix blades or lancets, 
lying one over the other; fome of thefe are fharpened like a two- 
edged {word, while others are barbed, and have a vaft number of 
cutting teeth. When this bundle of blades is introduced into a 
vein, the blood rifes up the blades as fo many capillary tubes. 
The moment the gnat lances it’s dart into the flefh, two or three 
drops.of a fluid are infinuated by it into the wound. It is this 
fluid which is fuppofed to caufe thofe infupportable itchings that 
we feel when ftung by this little creature. 


Plate XVI. Fig. 1, is the probofcis, or that apparatus of a 
tabanus with which it pierces the {kin of horfes and oxen, and 
nourifhes itfelf with their blood. The fingular and compound 
firucture, together with the admirable form and exquifite beauty 
of this apparatus, difcovers fuch a view of the wifdom, power: 
and greatnefs of it’s infinite compofer, as muft ftrike with admi- 
ration every contemplative obferver, and lead him to reflec on 
the weaknefs, impotence, and nothingnels of all human mecha- 
nifm, when compared with the immenfe {kill and imimitable 
finifhing difplayed in the fubjeét before us. The whole of this 
formidable apparatus is compofed of fix parts, (exclufive of the 
two guards, or feelers, a a,) all of which are inclofed in a flefhy 

cafe, 
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cafe, which in the figure is totally removed, as it contained _ 
nothing remarkably different from that of other infeéts with two 
wings. ‘The guards or feelers, aa, are of a fpungy or flefhy 
_fubftance, and are grey, covered with {hort hairs; they are united 
to the head by a little joint of the fame texture, which in this 
view of the objeét could not be fhewn. ‘Thefe guards are a de- 
fence to the other parts of the apparatus, as they are laid upon 
it fide by fide whenever the animal flings, and by that means pre- 
ferve it from external injury. The two lancets, b b and B, evi- 
dently open the wound, and are of a delicate and tender ftru€ture, 
formed like the diflecting knife of the anatomift, with a fharp 
point and flender edge, but gradually increafing to the back. 
The two fhaped inftruments, c c and C, appear as 1f tended to 
enlarge the wound, by irritating the parts round it; to accom- 
plifh which, they are jagged, or toothed; they may alfo 
ferve, from their hard and horny texture, to defend the tube 
e E, which is of a fofter nature, and tubular, to admit the blood, 
and convey it to the {tomach ; this delicate part is inclofed in a 
cafe, d D, which entirely covers it. Thefe parts are drawn 
feparately at B,C, D, E._ De Geer obferves, that it is only the 
females that fuck the blood of animals; and Reaumur declares, 
that having made one difgorge itfelf, the blood it threw up ap- 
peared to him to be more than the whole body of the infect could 
have contained. 


The exuvia, or caft fkin of infe&s, being exceedingly tranf _ 
parent, are well adapted for obfervation, as they exhibit the out- 
ward appearance of the little animal ; among thefe we may reckon 
thofe of fpiders and cimeces, but particularly the forficula, or - 
earwig, which is an elegant exuvia. The flings of infe€ts vary 
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not only in their form, but alfo in their apparatus ; moft of thene 
require diffeétion, as the flings (for they have generally two) are’ 
inclofed in a hard fheath, er cafe, to which is added. a pair of 
‘feelers. The flings of bees, wafps, Sc. are barbed, while that 
of the ghryfis 3 is lerrated, or notched like a faw.. 


The head of infeéts: is farnifhed with an:inftrument, or pre» 
bofcis, various as the infeGts themfelves, but alk deferving the 
utmoll attention, bemg admirably adapted to their different ufes: 
and purpofes.. Among the moft remarkable are: the bed: bug,: 
flea, gnats, empis, conops, &e: to which wemay add the fmgu-- 
lar one ofthe tabanus, which we have jaft now defcribed: We: 
have alfo fo fully defcribed the bee’s appaxatus,. page ae that. it: 
is unneceflary to enlarge on it here., 


The antenne of moths, tindveatlite and moft other: infeés;. 
difplay as great beauty in their formation as they are endlefs. im 
their variety ;. the diftinguifhing charaéters of many of them have: 
been deferibed, page 175; and that of the lepas antifer in par- 
ticular, page 359: 


The eyes of infeéts are fingularly conftruéted;, but this.{tru€ture- - 
is not difcoverable without the affiftance of the microfcope; the: 
eyes of the libellula are hexagonal, vide Plate XVI. Fig. 3%: 
while thofe. of lobfters are ees as may be feen Plate XVI. 
Fig. 5. 


Hair of animals, as the moufe, goat, large bee, and’ many f{pe- 
cies of caterpillar, particularly the: tufts on the head: and: tail of 
the larva of the phalena antiqua, offer many beauties to the 

eurious. 
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curious oblerver. ‘The briftles of a hog, cut tranfverfely, appear 
tubular, and the root of hair is evidently bulbous. 


The mufcular fibres, and every anatomical preparation that can 
be brought under the mictofcope, are pleafing objects ; the reader 
will meet with many curious and interefting obfervations on the 
hairs, the mufcles, nerves, and other parts of the human body, in 
Fontana’s Treatife on the Venom of Vipers, printed for Murray. 


The legs of all infe@s appear very much diverfified, and their 
mechanifm truly aftonifhing, according with their different occu- 
‘pations, as particularized page 179. 


Scales of fifh, as foals, roach, dace, falmon, eels, &c. as alfo 
the fcales of fnakes, lizards, &c. &c. A fpecimen of {cales 
is given, Plates X. and XIX. The fcales form a light, but at 
the fame time a folid and {mooth covering to the fifh, they hinder 
the fluid from penetrating the body, for which purpofe they are 
laid in a kind of natural oil; they ferve alfo as a proteétion, and 
break the force of any accidental blow, which may be the reafon 
why river fifh have larger and ftronger feales than fea fifh, being 
more liable to accidents. | | 


Feathers, and parts of feathers, are not to be pafled by or un- 
‘noticed ; butit is impoffible to point out any of thefe im preference 
to others, as each has it’s peculiar beauties ; the plumula of thefe 
have generally m the microfcope the appearance of a large fea- 
ther ; the pith contamed in the quill, if cut tranfverfely, and ex- 
amined, exhibits an admirable reticular texture. Many other 
parts of birds will afiord a great variety of curious objects, par- 
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ticularly the egg: Mr. Martin fays, that'the internal real fub- 
{tance of bones may be better obferved in thofe of birds than of 
any other animal; even the feathers or {cales of a moth’s wing 
-amply repay the duleeen: thefe alfo vary in their texture and 
figure; but the largeft, and moft commonly applied, are from the 
badly of the {phinx ftellatarum, or humming-bird moth; a {peci- 
men 1s given, Plate XVI. Fig. E F HI. 


Tranfverfe feGtions of all kinds of wood, efpecially thofe of a 
pithy or foft nature; their beauty will be feen by the figures 1 in 
Plates XXVIII. XXVUOI. XXIX. | 


The flowers of moft grafles, with all the varieties of mofles ; 
the farina of flowers; mouldinefs, which evidently appears to 
vegetate; all the kinds. of fpunge, fea weeds, particularly the 
conferve, which is jointed like a cane. The extenfive family of 
corallines prefent an elegant appearance; the moft beautiful are 


_ the fea hair, fea fir, fickle, fox tail, &c. defcribed by Ellis. 


DifleGted leaves, which fhew the fibres and nerves; the human 
inteftine, injeCted with wax, is a fine objeét, as are many other 
anatomical preparations. ‘The feed of the filver-rind birch ap- 
pears like an infeét; feed of the quaking grafs is alfo much 
admired, as is the leaf which covers the feed of forrel. Among 
artificial produétions, the edge of a razor, and point of a fine 
needle, as alfo fine cambrick, evidently difcover the inferiority of ” 
the workman; particles from the collifion of flint and fteel, wire 
melted by the eleétric explofion, &c. &c. &e, 


The > 
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_ The’preceding objects being moft of them eafy to be procured 
by thofe who have leifure, and are frequently in the country, an 
endlefs variety may be added to them; but thofe lovers of the 

icrofcope, who may have neither leifure nor opportunity to 
fearch for themfelves, may be fupplied with all, or moft of them, 
or indeed with objeéts to almoft any extent, by applying to me, 
No. 60, Fleet-Street, London. 


Befides the above, there are an immenfity of obje€ts which can 
‘only be examined alive, or when found, fuch as polypes, minute 
aquatic infe€ts; animalcula, of various infufions, as eels in patte, 
vinegar, &c. ‘The eyes and teeth of fnails, the circulation of 
the blood in the tail of fifhes, &c. The {hooting of falts, &c. 


The following € extract from a truly philofophical writer, will, 
I hope, prove acceptable to the reader, as well as form a proper 
conclufion t to this work. 


*¢ How admirable are the ee of God! how aoe es the 
operation of his hands ! 


I confidered plants, and animals; four-footed. beafts, and 
ereeping things. | 


In all was manifefted infinite wifdom, and an excellent work- 
manthip, that I could not comprehend. 


Yet fo much was made known unto me, as declared the power 
- and goodnefs of God, and the continued agency of the great 


Creator, and Lord of all things, 
I behel i" 


410 MiIcROSCOPICAL Essays. 


L beheld the caterpillar iffuing from it's egg, on ‘the very plant 
necdful for it’s fupport: 


For there the parent fly had plage it, that it might have 
whereon to feed. - | 


It enjoys the repait, it weaveth it’s web, and, preparing for it’s 
end, buildeth itfelf a rich tomb. 


It refteth from it’s labours, and {leepeth the fleep of death. 


At the appointed time it 1s raifed again, ane the great Creator 
of all things giveth it a new life, 


It leaveth it’s afhes in the tomb, and afcends, with a more 
beauteous form, into the regions. of the air. 


How glorious are it’s wings! and it’s limbs how delicate! 
s § 


It is covered with a rich plumage; and furnifhed. with 
myriads of eyes, to behold all around. 


With it’s trunk it furpaffeth the art of the chymiflt, and extraGt- 
eth from flowers the moft delicious {weets. . 


It forfakes the leaf whereon it was firft nourifhed, rejoicing in 
the bounty of it’s Maker. 


But, at his command, it is mindful of it’s olispring, and pro- 


vides for the fafety and fuftenance thereof, 
6 With 
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With anxious care it feeketh out the plant which God hath 
given for it’s infant worms. : 


Though it feedeth not thereon, neither careth for the verdant 
leaves,-yet is it led with unerring fearch, and never faileth in it’s. 
choice. 


It curioufly fpreadeth forth it’s. 8B and. ea Gas thought, ioe 
filleth it’s AoE tafk.. 


The bee jut railed to. life, without a teacher ficilfully forms her 
eell.. 


The fage’s art is known to her: fhe has difcovered the moft 
capacious form, and the beft divifion of {fpace. 


Without feale or compafs fhe nicely meafureth her work, and: 
with great care ftrengtheneth it’s foundations. 


She layeth her foundations in the upper part; fhe buildeth: 
downwards, even untothe ground; and exquifitely finitheth her 
work, furpafling the art of man. 

Behold! we perceive as yet but a {mall portion of his works ; 
we fee the operations of his hands as through a glafs darkly s 7 


yet how excellent do: they appear !” * 


* Flymns to-the Supreme Being, in Imitation of the Eaftern Songs.. 
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AN PARATUS of the lucernal microfcope, 79; of 
Cuff’s double, 82; of the improved compound, 87 2x0f 

~ Culpeper’s, 91; of the opake folar, 98 ; common. oe 102; 
parts of defcribed, 120. 

-Adams’s lucernal microfcope defcribed, 67: ; double and fingle 

microfcope ditto, 83. . 

- Animalcula in infufions, how procured, 150; many fonedetr: 
_bed, 454 properties of, 455; Needham and Buffon’s fyflem 
concerning them confuted, 462. 

Antenne of infects, their varieties defcribed, 175. 

Aphis, or puceron, defcribed, 251. 

Anguille, or eel-like animalcula, 510. 


B 
Butterfield, Mr. his method of making glafs globules, 9. 
Bonnani, Philip, his compound microfcopes defcribed, 17. 
Barker, Dr. Robert, his i improvement on the compound micro- 
{cope, 18. 
_ Bark of trees defcribed, 660. | | | 
48 Botanical 
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Botanical microfcope of Dr. Withering, 115; common ditto. 
116; magnifiers, 117. 

Beetle defcribed, 214. 

Bees, their manner of living, 257; different forts of, 282 ; 
tapeftry, 283; mafon, 284; carpenter, 285; their pleboles 
defcribed, 362. 

Blea defcribed, 665. 

Bug defcribed, 697. 


C 
Cellular tiflue, 664. 
Corona of trees defcribed, 669. 

_ Cryftallization what, 680; how ere for the microfcope, 
163. | 
Cuff’s double-conftructed microfcope defcribed, 80; how to ule 

it, 81; lift of the apparatus, 82. 
Culpeper’s ditto, 89 ;.how to ufe it, go; lift of it’s apparatus, 91.. 
Caterpillars, curious circumftances relating to them, 913; of the 
_ phaleena coffus, defcribed, 324. 
Curculio imperialis,. 368. 


Chryfomela afparagi, 989. 


D 


Divini, Euftachio, his compound microfcope defcribed, 16. 
Dellebarre’s microfcope, 23. 


E 

Eye, nature of vifion in the, 91. | 

Ellis’s aquatic microfcope defcribed, 110; to ufe it, 112. . 
7 Eels ~ 


IN DEX, | itis 


Eels in pafte, how procured, 151; deferibed, 511; in vinegar, 
510; in blighted wheat, 518. 

Eggs of infeéts, 265, 269. - 

Elytra of infeéls, 368; of the careane imperial 368. 

Earwig defcribed, 374. 

Eyes of infects, 975; of a hbellula, 382; of the monoculus 


7 polyphemus, 389. 

| “2 
Focus, what, 34. 
Feathers, or {cales of a moth’s wing, 9370. 
Forficula auricularia, or earwig, defcribed, 374. 
Fifh, their fcales, 391. 
Flea defcribed, 691. 


G. 

Glafs globules ufed as microfcopes, 8; invention attributed to 
M: Hartfoeker and Dr. Hooke, ibid. method of making them, 
g, 133; uled with fuccefs by T. De Torré of Naples, 10; 
apparatus neceflary for making them, 10. 

Globules of glafs ufed as microfcopes, 13; method of making 
thems 29: 

Gray, Stephen, inventor of the water globules, 13. 

Gnat defcribed, 702. 

Hartfoeker, invention of glafs globules attributed ‘to him, 8: 

Hooke, Dr. the manner “of making glafs globules. in 1656 


defcribed by him, 8; his method of ufing ithe fingle micro- 
(482 {cope, 
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{cope, 14; his compound microfcope defcribed, 16; his: 
method of meafuring the magullying power of the compound 
microfcope, 58; his method of § fixing objetts. intended to be: 
drawn, 139. , 

Hill, Sir John, his mode of preparing branches at trees. for mt 
fervation, 158, 162.. 

Hemerobius perla defcribed, 979. 

Hydra, many {pecies of defcribed, 398; their food, and method: 
of feizing their prey, 409; generation of, 415. 


i 

Janfens and Son, microfcopes made by them, 2.. 

Infeéts, a {cientific account of, 167; antenne of deferibed; 195.3 
legs ditto, 179; wings ditto, 182; particular charaéters of, 
185; how claffed by Linneus, 187; their transformation, 189 3. 
the larva of, 193; pupa of,,.197; their refpiration, 240 ;. 
generation of, 248; eggs of, 265, 269; their multiplication,, 
271; food of, 272; habitation of, 278 ; wings of, 367; elytra 
of, 368; eyes of ditto, 375. 


L 

Lieberkuhn, Dr. his microfcope defcribed, 7; his folar ditto, 
10: 

Leeuwenhoeck’s Tipe hones ditto, 7. 

Lucernal microfcope, invented by G. Adams, 22; Sure peculiar: 
advantages, 65; fully defcribed; 67. , 

Light rays ufed as a folar microfcope, 78; it's apparatus, 79 ;: 
experiment made with, 29; of the management of the, 131. 


Lenfess, 
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Eenfes, the various forts defcribed, 37; their ufes, 38, 99, 4o. 

Lanthorn, added to the lucernal microfcope, 67. 

Lamp, Argand’s, defcribed, 70. 

Lyonet’s anatomical microfcope defcribed, 114; his mode of 
preparing objects, 138, 199. 

Libellula defcribed, 291; it’s eye defcribed, 982. 

Lepas anatifera defcribed, 359. 

Leucofpis dorfigera deferibed, 385.. 

Lobfter infeét defcribed, 386. 

Loufe defcribed, 698. _ 

ELump-fth, {kin of, 388. 


va 
Microfcopes, firft invention of, 1; claimed by the Dutch and’ 
Italians, ibid. their ufe, 2; made by Zacharias Janfen and his. 
Son, ibid. defcription of one defcribed by Aepinus, 3; known: 
to the Greeks and Romans, ibid. fingle microfcope defcribed,, - 
5; further explained, 44; magnifying power of, 453 impro» : 
ved. by Lieberkuhn, 66; ditto by Leeuwenhoeck, 7; {mall 
glafs: globules. ufed inftead of convex lenfes, 8 ; globules of. 
water ditto, 13; two drops of water, 14; compound of Dr. 
Hooke defcribed, 16; Euftachio Divini’s ditto, 16; Philip 
Bonnanis ditto, 17; compound, improved by Dr. Robert. 
Barker, 18; by Dr. Smith, 18; explained’ fully, 46; folar, 
invented by Lieberkuhn, 19; explained, 49; fully defcri-. 
bed, 99; lucernal,. invented by G. Adams, 22; it's peculiar 
advantages, 65, 67; fully deferibed, 67; ufed as a folar, 783 
Delebarre’s, 23-; the different forts referred to, 24; their mag-. 
nifying power, 53; Cuff’s double-conftruéted defcribed,. 805. 
Adams’s improved. double and fingle, 83; improved com-- 

pound,. 
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pound, 89; Culpeper’s, or three-pillar'd, ibid. improved: 
folar, 92; {crew-barrel, or Wilfon’s fingle pocket, 109; {crole 
and mirror added to it, 106; {mall for opake objetis, 107 ; 
Ellis’s aquatic, 110; anatomical of Lyonet, 114; botanical 
of Dr. Withering, 115; common ditto, 116; andtelefcope, a — 
portable one defcribed, 118; the neceflary, preparation for 
obfervation, 128. 

Medium, what, 24; rare, and denfe, ibid. 

Magnifying power of microfcopes, how to meafure, 54 

Magnifiers, botanical, 117. 

Magny, Mr. his method of meafuring the Paisialirr power of 

tenfes, 55. 

Micrometer, the needle dclonted) 59. 

Mufca chameleon, it’s changes defcribed, 220. 

Motion of the.wings of infeéts defcribed, 372. 

Monoculus polyphemus, or king-¢ crab, eyes of, 9835 apus, 


391. 
Meloe monoceros defcribed; 390. 


N 
Needle micrometer, 59. 


, O 
Objeas, opake, how examined in the lucernal microfcope, 73; 
catalogue of, 688; tranfparent ditto, 76; calla of, 693 ; 


mode oe preparation, 134, 148. 


. Polypes, _ 
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P 
Polypes, direétions for finding, &c. 152; defcribed, 3033 re- 
produéiion of, 418. § 
- Puceron, fee aphis. | 
Probofcis of a bee defcribed, 362; of the tabanus, 704. 
Pith confidered, 671. 


R 
Rays of light, experiments made with, 29; continued, 36, 97. 
Refra€étion, experiments on, 95, 36. 
Rind of trees confidered, p. 654. 
‘ S 
Smith, Dr. his improvement on the compound microfcope, 28. 
Solar microfcope defcribed, 19; improvements on do. 22; fully 
defcribed, 99; improved fo as to view opake as well as tranfpa- 
rent objects, 92; how to ufe it, ‘95. | 
Swammerdam, his mode of preparing objets, 134, 138. 
Salts, how prepared, 169. 
Sik worm, it’s changes and manner of {pinning, 211. 
Skin of the lump fith, 988; of the foal, 992. 
Scales of fifh, 391; of the parrot fifh, 392; fea perch, go2. 
Haddock, 392 ; a perch from the Weft Indies, 392 ; foal, 992. 
Spider confidered, 700, 
Seeds confidered, 692. 


aL 
Torré, T. Di. of Naples, his mode of making and ufing glals 


globules, 10, 
6 3 Termites 
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Termites defcribed, 292. 

Timber, organization of, 652. 

Thrips phyfapus defcribed, 387. 

Tubularia, a fpecies of polype defcribed, 440. 


Vv 
Vifion, the nature of, 28 ; in the EVE, Ot. 
Vegetables, manner of preparing, 157. 
Vorticelle, many {pecies of defcribed, 433. 


Veflels between the bark and rind of trees, 659; fap, 674 ; Ins 
molt, 675. 


W 


Water, wong of, ufed as ee) by a Gray, 13; tw 
drops of, 14. . 
Wilfon’s pocket microfcope defcribed, 103; improved by a 
{crole, 106. 

Withering, Dr. his botanical Lictottone 115. 

Walp, the mafon ichneumon, 286. 

Wings of infeéts, 367 ; of the moth and butterfly, 370; motion 
of ditto, 372; of the hemerobius perla, 373; of the ae 


374: 
Wood confidered, 668. 
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“Mathematical and Philofophical Inftruments, 
MADE AND SOLD ‘BY 
sk eM LNG RICE) 3s AUP ELDL: 1 Al HD cS 
Mathematical Inftrument Maker ‘to His Majesty, 
No. 60, .Fleet-Sireet, Dine. 


Optical ‘Inftruments. 
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“PHN THE belt double-jointed filver {pe€tacles, with glafles = e Mi 
A The beft ditto, with Brazil pebbles . 1) tab 

Single joint filver fpectacles, with-glaffes _ — cee 0 15 
Ditto, with Brazil pebbles — — acs say 4 ae 
“Double joint fteel fpe€tacles, with glaffes —— 0 10 
Another fort of ditto . ke Re o 4 
Beft fingle-joint {peCtacles —_ — Soa Di) a 
Ditto, inferior frames — | vith ; ie 2 3 
‘Nofe fpectacles, mounted in filver co —_ 4 LO. 
“Ditto in tortoifefhell and filver ~ = — ropa 
“Ditto in horn-and fteel = — i O41 
“Spectacles for couched- eyes . } 
“Spectacles with {hades 

~Concave glaffes-in horn boxes, for fhort-fighted eyes 

‘Ditto raounted in toxtoifefhell and filver, pearl and filver, i various 

manners, and at different prices — 

“Reading glaffes,.-from.2s. 6d. to -_ om “ Pa eee 
Opera glaffes, from ros. 6d. to a —_ 2 2 0 
‘Ditto of an improved conftru@tion ae — AMEE Saco: 
“Concave.and convex mirrers in frames, from 4s.-6d. to sos 18 18 <9 
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Telefcopes to ufe at fea by ua —. pre Eel 26s 


Telefcopes of various lengths, fizes,. and prices 


Acromatic profpe@s, from 15s. — — 252. -G: 
Acromatic telefcopes, with ae ENN which may be drawn out at 

once, and that fhut up, conveniently for the pocket, from 11. 11s. 6d. to 13°13 © 
An optical vade mecum, or portable acromatic tele{cope and microfcope, 


&c. for tranfparent and opake objects, &c. from 3). 138. 6d. to ‘4 1g 6: 
A thirty inch acromatic telefcope, with different eye pieces for terreftrial: 

and celeftial objects, from 8l. 8s. to a ae aed gat 
Ditto with rack work I i 


Anacromatic telefcope, about three feet andan halfviong, wath different . 

eye-pieces _ —_ — 18 18 @& 
Refle@ting tele{copes of all the various fizes / 
A three foot refleéting telefcope, with four magnifying powers 


A ditto with rack work —_ —— 36 15. Os 
A two foot reflecting telefcope, with rack work, and four magnifying 

powers — — — 24.) 02 0 
A two foot reflecting telefcope, with two magnifying powers - 2-2 7-2 
An eighteen inch ditto — — Pika 348) 10 
A twelve inch ditto — — —_ (anne Cade, 
Double refleting microfcopes, from 3113s. 6d. to — at!) to; 0 
Ellis’s aquatic microfcope — ae 2.2 0 
Wilfon’s microfcope, improved — — —_ Bas eet, 0: 


Adams’s lucernal microfcope for opake and tranfparent objects, being the. 
moft perfect inftrument of the kind “hitherto contrived, affording more 


entertainment and inftruction than any other inftrument — Qt 
Solar microfcopes = = t 5 
Ditto for opake objects — Bas = 16 1 
Feito, — ae | Ai ar: 


Camera obf{curas, from 8s. 6d. to eee ae. vB 


| 
| 
| 


Glafs prifms, from 7s. 6d..to 
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Magic lanthorns eye aes saat 


Geographical and Aftronomical Inftruments.. 


Adams’s new eighteen inch globes, mounted in the mot approved form, 


from gl. gs. to _- ) _ pee 1 Os Oy 
ae Ditto-. 
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Ditto in the Ptolemaic or common manner . — ‘ 
Ditto, 12 inches in diameter, mounted in the beft manner, from 5l. 5s. to 6 
Ditto in the common manner _— ae 3 
An armillary dialling {phere - Sant 5 Ue, ’ 40 
Manual orreries, from 1]. Is. to ox, ig Oy 3 


Planetarium, tellurian, and lunarium, from. 181. 18s. to = 31 
Adams’s improvéd equatorial dial, or portable obfervatory, from 


ul, 17s. 6d. to — > ne hogs 
Horizontal fun dials, from 5s. to — a 12 
Univerfal ring dials, from 7s. 6d. to. =e raps 3. 
Tranfit inftruments . 
Aftronomical quadrants, from 5ol. to — =e 800 


Mathematical and Surveying Inftruments. 


Cafes of drawing inftruments, from 7s. 6d. to pe 35 
Neat magazine cafes of initruments — wes ar 
Elliptical compaffes . — — _ 4. 
Beam compaffes with divifions, ' &e. 

‘Triangular compaffes of a new conftruétion 

Adams’s fectoral, elliptical, and callipper compafles in one. inftrument,.. 

from 41. 14s. 6d. .to — Py Seep, er 9 

Adams’s protra¢ting parallel rules, and univerfal plotting {cale 

ProtraGtors, feCtors, fcales, parallel rules, &c. 


A new inftrument for taking perfpeCtive views, &c. —- 12 
A ditto for afcertaining points — a) 

Another inftrument for taking views —_ 5 
Pantographer, from 2]. 2s. to. — ra 6. 
Plain tables, from 3]. 13s. 6d. to. —. tap TA. 
Theodolites, from 4]. 4s. to os foe. 31 
A neat portable theodolite — — — 8 

Adams’s improved double theodolite, exceeding, for accuracy and utility, 
every former kind, from 12]. 12s. to — — 38 
‘Meafuring wheels, from 61. 6s. to. fies =x pat: IO. 
Circumferenter, from 2. 2s. to — _ 15 
47.2 | Philofophical: 


nl0000 nO 
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-Philofophical Inftruments. 
Ka 4 a.) Sold. 
Improved electrical machines, from 31..13s. 6d. to . — 49 © 6 
:Ele€trical machine and apparatus, in a box, from 61. 16s. 6d. to 42 ADO” 
. Medical.apparatus — — ‘ast a> a6 
. Eleétrical machines,. with a felected apparatus, in a box, from.7l. 7s. to 31 .10. 9 
Batteries, and all other parts of an electrical apparatus 
Small fingle-barrelled air pump & 
-Small. double ditto =» aoe — — af: 14 6 
A large ditto a —= — 6 16 
Table air pump a ee _ tO .LO .a 
‘An improved air pump, fuperior to Smeaton’s con{truction of the eee 
Apparatus to an air pump, from. 4l. 4s. to — RO IO ee 
Barometers — = aT; i 2- a 
- Ditto . — aa ar ese am eG 
Barometers, thermometers, from 3]. 3s. to —_ — Be ERS 
“Marine barometers ; . 
‘Thermometers, in mahogany boxes, from I]. 1s. to — I i 6 
Ditto with Reaumur and Farrenheit’s {cales 
Botanic thermometers —! be Ses — tB oo 
Thermometers for brewers, from 12s. to — Bi 3 
Hygrometers, from 10s.6d. to rb oo 13.6 
‘The mechanic powers, comprifed in.a fmall neat forin _— dy! Ig ® 
Ditto, fitted up on a larger fcale, with improvements 
An apparatus for making experiments on accelerated, retarded, and rotatory 
motion 
A mechanic apparatus fitted up for the purpofe of inftructing young | 
people, &c. : _ — 26 s © 
A pneumatic apparatus, fitted up for the fame purpofe --+ BO: 1G". 
Anele€trical apparatus, fitted up on the fame plan a yaaa take 
A magnetical apparatus, from.al. 12s. 6d. to — . To 10 © 
‘Conductors for fhips, to preferve them from lightning — 5 S i) 
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‘Page 2, line.r5, for animalcule read animalcula. 
. 8, — 22, for animalcule read animalcula. 
375, == 17, for eges read chickens. 
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